




THE EFFECTS OF ASYMMETRIC DEMOGRAPHIC
SHOCKS WITH PERFECT CAPITAL MOBILITY
By Bas van Groezen and Theo Leers
September 2000
ISSN 0924-7815Wkh H￿hfwv ri Dv|pphwulf Ghprjudsklf Vkrfnv
zlwk Shuihfw Fdslwdo Prelolw|
Edv ydq Jurh}hq Wkhr Ohhuv￿
Devwudfw
Lq wklv sdshu zh dqdo|vh wkh h￿hfwv ri dv|pphwulf ghprjudsklf vkrfnv lq d wzr0
uhjlrq iudphzrun zlwk shuihfwo| preloh fdslwdo1 Uhjlrqv pd| gl￿hu lq wkhlu
lqglylgxdo wkuliwlqhvv ru wkh jhqhurvlw| ri wkhlu vrfldo vhfxulw| duudqjhphqwv1
Zh ￿qg wkdw srsxodwlrq djhlqj lq rqh uhjlrq fdxvhv lqwhuqdwlrqdo vslooryhu
h￿hfwv1 Zkhwkhu wkh djhlqj uhjlrq lv d qhw ohqghu ru qrw dsshduv wr eh ri
vljql￿fdqw lpsruwdqfh1 Erwk wkh vkruw0uxq g|qdplfv dqg wkh orqj0uxq h￿hfwv
ri dq dv|pphwulf ghprjudsklf vkrfn duh glvfxvvhg1 Vshfldo dwwhqwlrq lv sdlg
wr wkh zhoiduh h￿hfwv iru wkh gl￿huhqw jhqhudwlrqv uhvlglqj lq hlwkhu uhjlrq1
MHO fodvvl￿fdwlrq= I54/ I65/ K88/ M43
Nh|zrugv= srsxodwlrq djhlqj/ ryhuodsslqj jhqhudwlrqv/ shqvlrqv/ fdslwdo pr0
elolw|/ g|qdplf dqdo|vlv
￿Ghsduwphqw ri Hfrqrplfv dqg FhqwHU/ Wloexuj Xqlyhuvlw|/ S1R1 Er{ <3486/ 8333 OH Wloexuj/
Wkh Qhwkhuodqgv/ h0pdlo= w1ohhuvCnxe1qo/ skrqh= .640467996588/ id{= .6404679963751 Wkh dx0
wkruv ehqh￿whg iurp glvfxvvlrqv zlwk dqg vxjjhvwlrqv iurp Oh{ Phlmgdp1 Wkh xvxdo glvfodlphu
dssolhv14 Lqwurgxfwlrq
Lq d joredolvlqj zruog zkhuh fdslwdo pdunhwv duh ixuwkhu olehudolvhg dqg lqwhjudwhg/
hfrqrplhv duh lqfuhdvlqjo| d￿hfwhg e| ghyhorsphqwv wkdw wdnh sodfh hovhzkhuh1 Rqh
vxfk ghyhorsphqw lv wkh djhlqj ri wkh srsxodwlrq wkdw zloo rffxu lq prvw lqgxvwul0
dolvhg frxqwulhv lq wkh xsfrplqj ghfdghv1 Ehfdxvh wklv ghprjudsklf vkliw fdxvhv
frqfhuqv derxw wkh ihdvlelolw| ri shqvlrq vfkhphv wkdw duh ￿qdqfhg rq d Sd|0Dv0\rx0
Jr +SD\J, edvlv/ wkh wudqvlwlrq wr d ixqghg shqvlrq vfkhph lv pxfk ghedwhg +vhh iru
h{dpsoh Ihogvwhlq ^4<<9d‘,1 Krzhyhu/ qrw pxfk dwwhqwlrq kdv ehhq sdlg wr wkh rshq
hfrqrp| dvshfwv ri shqvlrq vfkhphv/ dqg lq sduwlfxodu qrw wr wkh h￿hfwv ri srsxodwlrq
djhlqj dqg wkh lqvwlwxwlrqdo ghvljq dqg jhqhurvlw| ri lqwhujhqhudwlrqdo uhglvwulexwlrq
rq lqwhuqdwlrqdo fdslwdo pryhphqwv dqg wkh dvvrfldwhg fkdqjhv lq idfwru uhzdugv1
Fdvdulfr +4<<<, lqyhvwljdwhv wkh h￿hfwv ri wkh lqwhjudwlrq ri wzr odujh hfrqrplhv/
uxqqlqj gl￿huhqw shqvlrq vfkhphv/ lq d zruog ri shuihfw fdslwdo prelolw|1 Vkh ￿qgv
wkdw lw lv qrw wulyldo dqg vwudljkwiruzdug wr hvwdeolvk zkr jdlqv dqg zkr orvhv1 Wklv
lv gxh wr wkh vkruw0uxq h￿hfwv ri wklv lqwhjudwlrq ehlqj gl￿huhqw iurp wkh orqj0uxq
lpsolfdwlrqv1 Ixuwkhupruh/ Vkloohu +4<<<, glvfxvvhv wkh ulvn0vkdulqj ixqfwlrqv wkdw
jryhuqphqwv kdyh lq ghvljqlqj vrfldo0vhfxulw| v|vwhpv1 Dprqj rwkhu wklqjv/ kh frp0
sduhv dowhuqdwlyh shqvlrq vfkhphv lq whupv ri wkhlu delolw| wr ixo￿oo wkh jryhuqphqw*v
uroh lq surprwlqj lqwhuqdwlrqdo ulvn0vkdulqj1
Dv Ihogvwhlq +4<:7/ 4<<9e, srlqwhg rxw/ xqixqghg vrfldo vhfxulw| qhjdwlyho| lp0
sdfwv sulydwh vdylqjv1 Ehfdxvh wklv uhgxfhv wkh fdslwdo vwrfn/ rxwsxw shu fdslwd
zloo eh orzhu1 \hw wkh h{whqw wr zklfk wkh ghvljq dqg jhqhurvlw| ri vrfldo0vhfxulw|
duudqjhphqwv wkxv lpsdfwv ryhudoo zhoiduh vwurqjo| ghshqgv rq erwk wkh vl}h dqg wkh
rshqqhvv ri wkh hfrqrp|/ dv uh hfwhg lq wkh ghjuhh wr zklfk fdslwdo fdq iuhho| pryh
dfurvv frxqwulhv1 D vpdoo rshq hfrqrp| zlwk d uhodwlyho| odujh SD\J0vfkhph zloo
phuho| uxq d fxuuhqw0dffrxqw gh￿flw dv fdslwdo  rzv lqwr wkh frxqwu|1 Lq d forvhg
hfrqrp|/ wkrxjk/ d odujhu SD\J0vfkhph zloo qhjdwlyho| d￿hfw vdylqjv dqg wkxv sxvk
wkh lqwhuhvw udwh xs vr wkdw lqyhvwphqwv/ dqg wkhuhe| wkh fdslwdo0oderxu udwlr/ ghfolqh1
Lq fdvh ri wzr rshq hfrqrplhv dqg shuihfw fdslwdo prelolw|/ wkh grzqzdug suhvvxuh
ri wkh SD\J0vfkhph rq vdylqjv zloo dovr d￿hfw wkh rwkhu frxqwu|1 Ehfdxvh vdylqjv
duh orzhu lq wkh frxqwu| zlwk d jhqhurxv vrfldo0vhfxulw| vfkhph/ fdslwdo lv uhodwlyho|
vfdufh dqg zrxog wkhuhiruh hduq d kljkhu udwh ri uhwxuq1 Wklv lqgxfhv fdslwdo wr pryh
rxw ri wkh frxqwu| zlwk d vpdoo SD\J0vfkhph/ vr wklv frxqwu| hqgv xs zlwk d orzhu
fdslwdo vwrfn/ dqg wkxv d orzhu ohyho ri rxwsxw1 Khqfh/ wkh lqvwlwxwlrqdo fkdudfwhulvwlfv
ri shqvlrq vfkhphv fdxvh lqwhuqdwlrqdo vslooryhu h￿hfwv wkdw duh olnho| wr ehfrph pruh
lpsruwdqw dv pdq| frxqwulhv zloo h{shulhqfh d kljkhu uhodwlyh qxpehu ri shqvlrqhuv
dqg fdslwdo pryhv pruh iuhho| ehwzhhq frxqwulhv1 Wklv lvvxh zdv dovr dgguhvvhg e|
Shpehuwrq +4<<<,/ zklfk dqdo|vhv wkh lqwhuqdwlrqdo h{whuqdolwlhv ri vrfldo0vhfxulw|
v|vwhpv lq d zruog frqvlvwlqj ri pdq| frxqwulhv1 D fkdqjh lq wkh vdylqjv ri dq lqgl0
ylgxdo frxqwu|/ h1j1 fdxvhg e| d pruh jhqhurxv vrfldo0vhfxulw| vfkhph/ kdugo| d￿hfwv
wkh zruog lqwhuhvw udwh1 Orfdo jryhuqphqwv gr qrw wdnh wkhvh vslooryhu h￿hfwv lqwr
4dffrxqw dqg frqvhtxhqwo| lpsohphqw d wrr odujh SD\J0vfkhph1 Lqwhuqdwlrqdo srolf|
frruglqdwlrq frxog wkhuhiruh lpsuryh zhoiduh1
Wklv sdshu wdnhv wkh vl}h ri wkh SD\J0vfkhph dv jlyhq/ dqg irfxvhv rq wkh h￿hfwv
ri dv|pphwulf ghprjudsklf vkrfnv rq idfwru sulfhv dqg zhoiduh lq d zruog frqvlvwlqj
ri frxqwulhv zkrvh fdslwdo pdunhwv duh ixoo| lqwhjudwhg1 Wkh prgho lv dq h{whqvlrq
ri Exlwhu +4<;4,/ zklfk lv edvhg rq wkh ryhuodsslqj0jhqhudwlrqv prgho ri Gldprqg
+4<98,1 Dv lq Exlwhu +4<;4,/ zh frqvlghu wzr uhjlrqv1 Krzhyhu/ zh dovr lqfoxgh d sxe0
olf shqvlrq vfkhph lq erwk uhjlrqv1 Lq wklv dvshfw/ zh gl￿hu iurp Jhlgh0Vwhyhqvrq
+4<<;, zkr dqdo|vhv wkh frqqhfwlrq ehwzhhq vrfldo0vhfxulw| srolf| dqg lqwhuqdwlrqdo
idfwru pryhphqwv zlwklq d zruog zkhuh rqh frxqwu| uxqv d SD\J0sxeolf shqvlrq
vfkhph dqg wkh rwkhu d ixoo| ixqghg sulydwh shqvlrq vfkhph1 Frqwudu| wr Jhlgh0
Vwhyhqvrq +4<<;, dqg Fdvdulfr +4<<<,/ zh gr qrw irfxv rq wkh h￿hfwv ri lqwhjudwlrq/
exw rq erwk wkh vkruw0uxq dqg orqj0uxq lpsolfdwlrqv ri ghprjudsklf vkrfnv zkhq erwk
uhjlrqv* +fdslwdo, pdunhwv duh douhdg| ixoo| lqwhjudwhg1 Pruhryhu/ zh glvwlqjxlvk eh0
wzhhq vrfldo0vhfxulw| duudqjhphqwv zlwk gl￿huhqw lqwhujhqhudwlrqdo ulvn0vkdulqj surs0
huwlhv dqg lqyhvwljdwh wkhlu lpsdfw rq lqwhuqdwlrqdo ulvn0vkdulqj1
Lq rughu wr fdswxuh wkh idfw wkdw prvw RHFG0frxqwulhv duh klw e| srsxodwlrq
djhlqj dw gl￿huhqw prphqwv dqg wr d gl￿huhqw ghjuhh4/ rqh uhjlrq h{shulhqfhv d
ghfolqh lq wkh udwh ri srsxodwlrq jurzwk1 Lq rwkhu zrugv/ rqh frxqwu| djhv uhodwlyh
wr wkh rwkhu1 Lq jhqhudo/ djhlqj fdxvhv wzr h￿hfwv1 Iluvw/ d vpdoohu oderxu irufh
lpsolhv fdslwdo wklfnhqlqj/ l1h1/ dq lqfuhdvhg fdslwdo vwrfn shu zrunhu1 Vhfrqg/ wkh
ghshqghqf| udwlr ulvhv/ zklfk phdqv wkdw wrwdo rxwsxw shu zrunhu kdv wr eh vkduhg
zlwk d odujhu qxpehu ri shqvlrqhuv1
Vhfwlrq 5 suhvhqwv wkh prgho ri wklv sdshu1 Lq Vhfwlrq 6/ zh dqdo|vh wkh h￿hfwv ri
d uhjlrqdo vkrfn wr wkh udwh ri srsxodwlrq jurzwk zkhq lqglylgxdo wkuliwlqhvv gl￿huv
dfurvv uhjlrqv dqg vrfldo vhfxulw| lv devhqw1 Zh ￿qg wkdw wkh fdslwdo0oderxu udwlr
lqfuhdvhv lq wkh vkruw uxq/ exw wkh orqj0uxq h￿hfwv ghshqg rq wkh uhodwlyh sdwlhqfh ri
wkh djhlqj frxqwu|1 Li wkh srsxodwlrq ri wkh uhodwlyho| sdwlhqw frxqwu| jurzv rog/ wkhq
wkh fdslwdo0oderxu udwlr hyhqwxdoo| idoov1 Wklv lv gxh wr wkh dyhudjh lqglylgxdo vdylqjv
ghfolqlqj zruogzlgh1 Vhfwlrq 7 lqwurgxfhv SD\J0shqvlrq vfkhphv1 Lq Vhfwlrq 714/
zh ￿qg wkdw lq wkh orqj uxq/ wkh lpsdfw ri srsxodwlrq djhlqj rq wkh fdslwdo0oderxu
udwlr ghshqgv rq wkh uhodwlyh jhqhurvlw| ri wkh uhjlrqdo vrfldo0vhfxulw| duudqjhphqwv/
dv sulydwh vdylqjv duh lqyhuvho| uhodwhg wr wkh vl}h ri lqwhujhqhudwlrqdo uhglvwulex0
wlrq1 Wkh h{whqw wr zklfk srsxodwlrq djhlqj lpsdfwv wkh hfrqrplhv ghshqgv rq wkh
lqwhujhqhudwlrqdo ulvn0vkdulqj surshuwlhv ri wkh vrfldo0vhfxulw| vfkhph1 Wkh kljkhu
wkh ghjuhh ri ulvn0vkdulqj ehwzhhq jhqhudwlrqv/ wkh pruh wkh h￿hfwv ri djhlqj dsshdu
wr eh frq￿qhg1 Lq sduwlfxodu/ zh vkrz wkdw vkdulqj wkh exughq dqg2ru eohvvlqjv ri
fdslwdo wklfnhqlqj ehwzhhq jhqhudwlrqv lv ri vljql￿fdqw lpsruwdqfh iru wkh frq￿qlqj
4Wkh Xqlwhg Qdwlrqv +4<<;, uhfrug vwulnlqj gl￿huhqfhv lq wkh ghjuhh dqg prphqw ri rffxuuhqfh ri
srsxodwlrq djhlqj lq wkhlu Zruog Srsxodwlrq Survshfwv1 Iru h{dpsoh/ wkh lqfuhdvh lq wkh ghshqghqf|
udwlr ryhu wkh qh{w 73 |hduv lv pxfk odujhu lq Mdsdq wkdq lq wkh XVD1 Lq Hxursh Lwdo| dsshduv wr
eh wkh uxqqhu lq iurqw dv idu dv srsxodwlrq djhlqj lv frqfhuqhg1
5ri wkh hfrqrplf h￿hfwv wkdw srsxodwlrq djhlqj eulqjv derxw1 Lq wkh vkruw uxq/ zh
glvwlqjxlvk ehwzhhq xqh{shfwhg dqg dqwlflsdwhg ghprjudsklf vkrfnv1 Wkh vkruw0uxq
g|qdplfv ghshqg erwk rq wkh uhodwlyh vl}h ri wkh SD\J0vfkhph dqg lwv lqvwlwxwlrqdo
ghvljq1
Lq Vhfwlrq 715 zh dqdo|vh krz uhod{lqj vrph ri rxu dvvxpswlrqv zrxog fkdqjh wkh
pdlq uhvxowv1 Vhfwlrq 8 frqfoxghv1
5 Wkh Prgho
Zh dsso| d wzr0shulrg ryhuodsslqj0jhqhudwlrqv prgho ri dq rshq hfrqrp| zlwk qr
lqwulqvlf xqfhuwdlqw|1 Iroorzlqj Exlwhu +4<;4, dqg Lkrul +4<<9/ Fkdswhu 9,/ wkh zruog
hfrqrp| frqvlvwv ri wzr uhjlrqv/ wkh Grphvwlf uhjlrq dqg wkh Iruhljq uhjlrq1 Wkhvh
uhjlrqv duh ghqrwhg e| wkh vxshuvfulswv ( dqg 8/ uhvshfwlyho|1 Erwk duh lghqwlfdo lq
hyhu| uhvshfw/ h{fhsw lq wdvwh/ ghprjudsklfv/ dqg wkh vl}h ri lqwhujhqhudwlrqdo uhglv0
wulexwlrq1 Surgxfwlrq shu |rxqj lqglylgxdo lv ghvfulehg e| d vwdqgdug qhrfodvvlfdo
frqvwdqw0uhwxuqv0wr0vfdoh surgxfwlrq ixqfwlrq/ sE&￿
|￿/ zkhuh &￿
| vwdqgv iru wkh dprxqw
ri fdslwdo shu |rxqj lqglylgxdo lq shulrg | lq uhjlrq ￿/ ￿ ’ (c815 Shuihfw frpshwlwlrq
dprqj surgxfhuv jlyhv wkh xvxdo htxloleulxp frqglwlrqv rq wkh uhjlrqdo surgxfwlrq
idfwru pdunhwv/ o￿






| lv wkh lqwhuhvw udwh dqg
￿￿
| ghqrwhv wkh fruuhvsrqglqj zdjh udwh lq shulrg |/ lq wkh uhvshfwlyh uhjlrq1 Fdslwdo
lv shuihfwo| preloh dfurvv uhjlrqv/ exw oderxu lv lppreloh1 Lq sduwlfxodu/ wkh iroorzlqj
dvvxpswlrq krogv1
Dvvxpswlrq L Dw dq| prphqw lq wlph/ dq| uhjlrq lv deoh wr lqvwdqwdqhrxvo| dgmxvw
lwv fdslwdo vwrfn e| vkliwlqj fdslwdo iurp ru wr deurdg1
Wklv dvvxpswlrq lpsolhv wkdw wkhuh duh qr +vkruw0whup, fdslwdo uljlglwlhv dqg wkh
uhtxluhg dprxqw ri fdslwdo fdq lpphgldwho| eh rewdlqhg e| lpsruwlqj ru h{sruwlqj
fdslwdo1 Vr/ hyhq li d uhjlrq lv xqh{shfwhgo| klw e| d +ghprjudsklf, vkrfn/ wkh
lqkdelwdqwv zloo eh deoh wr dgmxvw wkhlu vwrfn ri fdslwdo dw rqfh dqg dq| uhjlrq zloo
idfh wkh vdph udwh ri lqwhuhvw/ l1h1/ o(
| ’ o8
| ’ o|c ;|16 Dv zh dvvxphg wkdw erwk






5Wkh surgxfwlrq ixqfwlrq i lv dvvxphg wr eh wzlfh frqwlqxrxvo| gl￿huhqwldeoh> i+3, @ 3> i3+n, ￿
Ci
Cn A 3> i33+n, ￿
C
5i
Cn5 ? 3> olpn$3 i3+n,@4 >olpn$4 i3+n,@3 1 Pruhryhu/ zh dvvxph wkdw
olpn$3^￿i33+n,n‘ A 41W k l v f rqglwlrq lv vwurqjhu wkdq wkh Lqdgd0frqglwlrq dqg lv uhtxluhg iru
+orfdo, vwdelolw| ri wkh vwhdg|0vwdwh htxloleulxp ri rxu prgho +vhh Dsshqgl{ E dqg Jdoru dqg U|ghu
^4<;</ s1 69<‘,1
6Iru h{dpsoh/ rqh pljkw wklqn ri lqvwdqwdqhrxvo| prydeoh fdslwdo dv sruwdeoh frpsxwhuv/ wudqv0
sruwdeoh pdfklqhu| dqg wudqvihudeoh sulydwh nqrzohgjh fdslwdo1 Uhod{lqj Dvvxpswlrq L phdqv wkdw
rqh frqvlghuv fdslwdo dv pdfklqhu| dqg idfwrulhv/ wkdw fdqqrw lqvwdqwdqhrxvo| eh vklsshg iurp rqh
uhjlrq wr dqrwkhu1 Wkh h￿hfwv ri +vkruw0whup, fdslwdo uljlglwlhv duh glvfxvvhg lq Vhfwlrq 7151
6Erwk hfrqrplhv duh srsxodwhg e| d odujh qxpehu ri qrq0dowuxlvwlf lqglylgxdov zlwk
shuihfw iruhvljkw zkr olyh iru wzr shulrgv/ vxfk wkdw lq hdfk shulrg/ erwk d |rxqj dqg
dq rog jhqhudwlrq duh dolyh1 Dsduw iurp djh/ lqglylgxdov duh lghqwlfdo1 \rxqj djhqwv
lqhodvwlfdoo| vxsso| rqh xqlw ri oderxu1 Sduw ri wkhlu jurvv zdjh lqfrph lv wd{hg dzd|
e| wkh orfdo jryhuqphqw yld dq h{rjhqrxv oxps0vxp wd{ +￿￿
|,>7 wkh uhpdlqghu lv hlwkhu
vshqw rq frqvxpswlrq +S￿
|,r ul vv d y h gi r ur o gd j h+ r ￿
|,1 Frqvhtxhqwo|/ dw dq| wlph |/
￿uvw0shulrg frqvxpswlrq lv uhvwulfwhg e| wkh iroorzlqj exgjhw frqvwudlqw/
S
￿




|c￿ ’ (c8￿ +4,
Lq wkh vhfrqg shulrg ri wkhlu olyhv/ wkh lqglylgxdov duh uhwluhg dqg hqwlwohg wr d sxe0
olf shqvlrq ehqh￿w1 Wkh| ghulyh xwlolw| iurp rog0djh frqvxpswlrq +5￿
|n￿,/ zklfk lv
￿qdqfhg iurp wkh uhwxuq rq ￿uvw0shulrg vdylqjv dqg wkh shqvlrq ehqh￿w +#￿
|n￿,1 Wkh
vhfrqg0shulrg exgjhw frqvwudlqw fdq wkxv eh zulwwhq dv
5
￿





Olihwlph xwlolw| ri d uhsuhvhqwdwlyh lqglylgxdo lq uhjlrq ￿ lv jlyhq e| wkh iroorzlqj












zkhuh 4￿ : f vwdqgv iru wkh +frqvwdqw, sxuh udwh ri wlph suhihuhqfh ri dq lqglylgxdo
iurp uhjlrq ￿1
Orfdo jryhuqphqwv uxq wkhlu vrfldo0vhfxulw| v|vwhpv dv SD\J0vfkhphv zlwk/ dw dq|
wlph |/ wkh iroorzlqj +edodqfhg, exgjhw frqvwudlqw/
#
￿






|3￿ lv wkh rqh0shulrg sursruwlrqdo udwh ri srsxodwlrq jurzwk lq uhjlrq ￿ dw






￿￿ / zkhuh ￿￿
f lv wkh lqlwldo srsxodwlrq vl}h lq uhjlrq ￿1
Wkurxjkrxw wkh sdshu/ zh dvvxph erwk hfrqrplhv wr eh g|qdplfdoo| h!flhqw/ l1h1/
o| :? ￿
|c; |c ￿ ’ (c8￿
7Dsso|lqj d sursruwlrqdo wd{ udwkhu wkdq oxps0vxp wd{dwlrq rqo| d￿hfwv wkh ulvn0vkdulqj surs0
huwlhv ri wkh sxeolf shqvlrq vfkhphv1 Iru d glvfxvvlrq ri sursruwlrqdo wd{hv dv zhoo dv hqgrjhqrxv
oderxu vxsso|/ lw lv uhihuuhg wr Vhfwlrq 7151
8Zh frqvlghu dq dgglwlyho| vhsdudeoh xwlolw| ixqfwlrq zlwk orjdulwkplf iholflw| ixqfwlrqv iru h{0
srvlwlrqdo fodulw| rqo|1 Rxu pdlq uhvxowv vwloo krog li zh dvvxph wkh xwlolw| ixqfwlrq X wr eh wzlfh
frqwlqxrxvo| gl￿huhqwldeoh/ vwulfwo| txdvl0frqfdyh dqg lqfuhdvlqj lq lwv dujxphqwv1 Ixuwkhupruh/ wkh
Lqdgd0frqglwlrqv vkrxog dsso|1
7Dq lqglylgxdo pd{lplvhv olihwlph xwlolw| +6, vxemhfw wr khu vlqjoh0shulrg exgjhw frq0
vwudlqwv +4, dqg +5,1 Wkh rswlpdo ohyhov ri ￿uvw0shulrg dqg vhfrqg0shulrg frqvxpswlrq






















Dq lqfuhdvh lq wkh qhw ￿uvw0shulrg lqfrph +￿|￿￿￿
|, kdv d srvlwlyh lpsdfw rq wkh ohyho
ri sulydwh vdylqjv> wkh vdph krogv iru dq lqfuhdvh lq wkh udwh ri lqwhuhvw/9 zkhuhdv d
pruh jhqhurxv SD\J0ehqh￿w +#￿
|n￿, lq xhqfhv vdylqjv qhjdwlyho|1
Grphvwlf djhqwv vdyh e| kroglqj hlwkhu grphvwlf ru iruhljq fdslwdo dqg duh dv0
vxphg qrw wr vx￿hu iurp d vr0fdoohg krph0eldv ru rwkhu idfwruv wkdw zrxog lpshgh
fdslwdo  rzv1: Li wkh dprxqw ri qhw iruhljq fdslwdo rzqhg e| wkh grphvwlf djhqwv lv
srvlwlyh +qhjdwlyh,/ wkh grphvwlf uhjlrq lv d qhw ohqghu +eruurzhu,1 Lq rxu wzr0uhjlrq
iudphzrun/ wkh fdslwdo h{sruwv ri rqh uhjlrq e| gh￿qlwlrq htxdo wkh fdslwdo lpsruwv















Hyhq li erwk uhjlrqv duh lghqwlfdo/ wkhuh lv lqwhuqdwlrqdo ghshqghqfh gxh wr wkh shuihfw
fdslwdo prelolw|1 Vkliwv lq wkh grphvwlf udwh ri srsxodwlrq jurzwk ru fkdqjhv lq wkh
ghvljq ru jhqhurvlw| ri wkh grphvwlf vrfldo0vhfxulw| v|vwhp fdq wkhuhiruh kdyh vslooryhu
h￿hfwv rq wkh iruhljq uhjlrq1 Ixuwkhupruh/ lw gluhfwo| iroorzv iurp htxdwlrq +:, wkdw d
uhjlrq*v djjuhjdwh vdylqjv fdq gl￿hu iurp wkh ydoxh ri lwv fdslwdo vwrfn ehfdxvh ri wkh
vfrsh iru lqwhuqdwlrqdo eruurzlqj dqg ohqglqj +Exlwhu ^4<;4/ s1 :;5‘,1 Wklv doorzv
frxqwulhv wr uxq d fxuuhqw0dffrxqw vxusoxv ru gh￿flw1 Lq rxu vlpsoh iudphzrun/ d
uhjlrq*v fxuuhqw0dffrxqw vxusoxv +gh￿flw, lv h{dfwo| htxdo wr lwv fdslwdo0dffrxqw gh￿flw
+vxusoxv,1 Iru d ixoo ghvfulswlrq ri wkh fxuuhqw dffrxqw/ zklfk uhodwhv uhjlrqdo surgxf0
wlrq wr uhjlrqdo devruswlrq/ dv zhoo dv d uhsuhvhqwdwlrq ri rwkhu hfrqrplf uhodwlrqv/ lw
lv uhihuuhg wr Dsshqgl{ D1
Zh qrupdolvh wkh lqlwldo srsxodwlrq vl}h ri erwk uhjlrqv +￿(
f ’ ￿8
f ￿ ￿,; dqg
zh dvvxph wkdw wkh srsxodwlrq lq wkh iruhljq uhjlrq lv frqvwdqw/+ ? 8
| ’f c; | ,1 Ohw
9Gxh wr rxu vshfl￿fdwlrq ri wkh xwlolw| ixqfwlrq wkh lqfrph h￿hfw dqg wkh vxevwlwxwlrq h￿hfw ri d
fkdqjh lq wkh lqwhuhvw udwh h{dfwo| fdqfho rxw> d fkdqjlqj udwh ri lqwhuhvw rqo| d￿hfwv wkh qhw suhvhqw
ydoxh ri wkh shqvlrq ehqh￿w dqg wkhuhe| vdylqjv1
:Vxfk dv fdslwdo frqwurov/ wudqvdfwlrqv frvwv/ h{fkdqjh udwh ulvn dqg dv|pphwulf lqirupdwlrq
dfurvv frxqwulhv +vhh iru h{dpsoh Jrugrq dqg Eryhqehuj ^4<<9‘,1
;Doorzlqj iru gl￿huhqfhv lq lqlwldo srsxodwlrq vl}h dprqj wkh uhjlrqv grhv qrw d￿hfw wkh pdlq
uhvxowv/ h{fhsw iru wkh fdvh zkhuh rqh ri wkh uhjlrqv lv lq￿qlwho| vpdoo uhodwlyh wr wkh rwkhu1 Wklv
zrxog lpso| d vpdoo rshq hfrqrp|/ iru zklfk lw lv uhihuuhg wr Dsshqgl{ F1
8wkh srsxodwlrq jurzwk udwh lq wkh grphvwlf uhjlrq eh htxdo wr ?(
| ’ ?( nZ￿|/ zkhuh
?( ￿ f ghqrwhv wkh +lqlwldo, vwhdg|0vwdwh ydoxh ri wkh grphvwlf srsxodwlrq jurzwk
udwh/< ￿| ghvfulehv wkh wlph sdwwhuq ri d shuwxuedwlrq ri wklv vwhdg|0vwdwh ydoxh dqg Z













& | n￿￿ +;,
Lq wkh lqlwldo vwhdg| vwdwh/ wklv htxdwlrq erlov grzq wr
r
( n r
8 ’2 &￿ +<,
Jlyhq wklv vhwxs/ grphvwlf djhlqj fdq eh prghohg dv dq xqh{shfwhg +whpsrudu|,
ghfuhdvh lq wkh grphvwlf udwh ri srsxodwlrq jurzwk +l1h1/ dw vrph wlph | ’ f = ￿f ￿ fc
￿￿ ’ ￿2 ’ ￿￿￿’f,r ud vd qdqwlflsdwhg qhjdwlyh +whpsrudu|, vkrfn dw wlph | ’ |W
wkdw ehfrphv sxeolfo| nqrzq dw wlph | ’ f +l1h1/ dw vrph wlph |W : fG￿ f’￿ ￿’
￿￿￿’￿ | W3￿ ’fc￿ | W ￿f c￿ | W n￿ ’ ￿|Wn2 ’ ￿￿￿’fczlwk |W ￿qlwh,143 Wklv glvwlqfwlrq
zloo dsshdu wr eh ri vljql￿fdqfh iru wkh vkruw0whup h￿hfwv ri srsxodwlrq djhlqj1
Wkh h￿hfwv ri d pdujlqdo fkdqjh lq wkh grphvwlf udwh ri srsxodwlrq jurzwk fdq
eh wudfhg e| wkh phwkrg ri frpsdudwlyh g|qdplfv/ l1h1/ e| olqhdulvlqj wkh fdslwdo0
dffxpxodwlrq htxdwlrq +;, zlwk uhvshfw wr Z durxqg wkh lqlwldo vwhdg| vwdwh144 Vr
wkh dqdo|vlv ri uhodwlyh djhlqj ri wkh grphvwlf srsxodwlrq lq wkh vxevhtxhqw vhfwlrqv
zloo eh edvhg rq d olqhdulvhg yhuvlrq ri wkh prgho suhvhqwhg deryh1 Lq sduwlfxodu/ wkh
hyroxwlrq ri wkh fdslwdo0oderxu udwlr dv d uhvxow ri ghprjudsklf vkrfnv lv ghvfulehg
e| d olqhdu ￿uvw0rughu gl￿huhqfh htxdwlrq1
6 Gl￿huhqfhv lq Lqglylgxdo Wkuliwlqhvv
Wklv vhfwlrq ghdov zlwk wkh h￿hfwv ri djhlqj ri wkh grphvwlf srsxodwlrq lq d vhw0
wlqj zkhuh wkh uhjlrqv +lqlwldoo|, rqo| gl￿hu lq wkh lqglylgxdo wkuliwlqhvv ri wkhlu
lqkdelwdqwv1 Iru wkh wlph ehlqj/ zh devwudfw iurp lqwhujhqhudwlrqdo uhglvwulexwlrq
+￿(
| ’ ￿8
| ’ fc ;|,1 Vr/ sulydwh vdylqjv duh frpsohwho| ghwhuplqhg e| wkh zdjh dqg





2n4 ￿￿ |￿ +43,
<E| rplwwlqj wlph vxevfulswv zh ghqrwh wkh +lqlwldo, vwhdg|0vwdwh ydoxh ri wkh uhvshfwlyh yduldeoh1
43Zh rqo| doorz iru whpsrudu| ghprjudsklf vkrfnv wr dyrlg sureohpv wkdw zloo rffxu li rqh uhjlrq
jurzv lq￿qlwho| odujh ru vpdoo1 Zh uhvwulfw rxuvhoyhv wr rqh0shulrg vkrfnv iru h{srvlwlrqdo vlpsolflw|
rqo|> lqfrusrudwlrq ri pxowl0shulrg vkrfnv lv vwudljkwiruzdug1 Qrwh wkdw d whpsrudu| ghfolqh lq wkh
udwh ri srsxodwlrq jurzwk grhv qrw lpso| wkdw rqfh wkh vkrfn kdv frph wr dq hqg/ d ede| errp
rffxuv iroorzlqj wkh ede| exvw1 Lw rqo| phdqv ihuwlolw| uhjdlqv lwv ruljlqdo ohyho1
44Wkh phwkrg ri frpsdudwlyh g|qdplfv zdv ￿uvw lqwurgxfhg e| Mxgg +4<;5, iru d frqwlqxrxv0wlph
prgho1 Lw fdq hdvlo| eh wudqviruphg wr glvfuhwh wlph/ krzhyhu1
9Dv zdjhv lq erwk uhjlrqv duh htxdo/ gl￿huhqfhv lq wkh ohyho ri vdylqjv duh frpsohwho|
ghwhuplqhg e| gl￿huhqfhv lq wlph suhihuhqfh1 Lq sduwlfxodu/ wklv gl￿huhqfh dsshduv wr
eh uhvsrqvleoh iru wkh orqj0uxq h￿hfwv ri djhlqj rq wkh fdslwdo0oderxu udwlr1
















& | n￿￿ +44,
Olqhdulvlqj +44, durxqg wkh lqlwldo vwhdg| vwdwh/ wkh hyroxwlrq ri wkh fdslwdo0oderxu
























￿’f ￿￿1 Zkhwkhu ru qrw djhlqj lv dqwlflsdwhg/ wkh fkdqjh lq wkh fdslwdo0




2&￿|￿ : fc| ￿ ’f c| W,1 Wklv lqfuhdvh lv gxh wr wkh ghfolqhg oderxu irufh ri wkh
zruog hfrqrp|1 Wkh vkruw0uxq h￿hfw ri dq dqwlflsdwhg vkrfn lv htxdo wr wkh h￿hfw
ri dq xqh{shfwhg vkrfn ehfdxvh lqglylgxdov edvh wkhlu vdylqjv ghflvlrq rqo| rq wkhlu
￿uvw0shulrg lqfrph +vhh htxdwlrq +43,,/ zklfk lv qrw d￿hfwhg e| ixwxuh vkrfnv146
Wkh whup ￿
eEr( ￿ r8￿c zklfk gluhfwo| iroorzv iurp htxdwlrq +<,/ ghwhuplqhv wkh
+vljq ri wkh, orqj0uxq h￿hfw ri d whpsrudu| ghprjudsklf vkrfn1 Wkhuhiruh/ wkh orqj0
uxq lpsdfw ri srsxodwlrq djhlqj rq wkh fdslwdo0oderxu udwlr ghshqgv rq wkh gl￿huhqfh
lq lqglylgxdo wkuliwlqhvv ri erwk uhjlrqv* lqkdelwdqwv1 Wkh iroorzlqj sursrvlwlrq vxp0
pdulvhv wkhvh h￿hfwv1
Sursrvlwlrq 4 Lq wkh orqj uxq/ wkh vljq ri
Y&























Surri Lq wkh orqj uxq/ wkh fkdqjh lq wkh fdslwdo0oderxu udwlr + Y&
YZ, lv ghwhuplqhg e|















? 41 Iru d ghwdlohg
dqdo|vlv ri wkh vwdelolw| surshuwlhv/ lw lv uhihuuhg wr Dsshqgl{ E1 Vhh dovr Jdoru dqg U|ghu +4<;<,
dqg Plfkho dqg gh od Furl{ +5333,1
46Uhfdoo wkdw gxh wr wkh orjdulwkplf iholflw| ixqfwlrqv dqg wkh devhqfh ri SD\J0ehqh￿wv/ wkh
fxuuhqw vdylqjv ghflvlrq lv qrw edvhg rq wkh qh{w0shulrg*v udwh ri lqwhuhvw1
:zkhuh M ’
S"
￿’f ￿￿ ￿ f1 Ixuwkhupruh/ lw iroorzv iurp +43, wkdw
Yr￿
Y4￿ ￿f/ zklfk frp0
sohwhv wkh surri1 ￿
Sursrvlwlrq 4 fdq eh lqwhusuhwhg dv iroorzv1 Li lqkdelwdqwv ri wkh grphvwlf uhjlrq duh
uhodwlyho| lpsdwlhqw +4( :4 8,/ wkh ohyho ri grphvwlf sulydwh vdylqjv zloo eh uhodwlyho|
orz +r( ￿r 8,1 Grphvwlf djhlqj wkhq lpsolhv wkdw hyhqwxdoo|/ wkh srsxodwlrq vkduh
ri wkh lpsdwlhqw uhjlrq lq wkh zruog hfrqrp| ghfuhdvhv1 Vr wkh zruog lv rq dyhu0
djh srsxodwhg e| uhodwlyho| pruh sdwlhqw lqglylgxdov1 Wklv lpsolhv wkdw rq dyhudjh/
vdylqjv shu lqglylgxdo lqfuhdvh/ dqg wkhuhe|/ ehfdxvh ri shuihfw fdslwdo prelolw|/ wkh
fdslwdo0oderxu udwlr lqfuhdvhv1 Wkh uhyhuvh krogv li wkh lqkdelwdqwv ri wkh grphvwlf
uhjlrq duh uhodwlyho| sdwlhqw1 Hujr/ d whpsrudu| ghprjudsklf vkrfn fdq kdyh shuvlv0
whqw h￿hfwv rq wkh zruog hfrqrp|1 Li lqglylgxdov duh htxdoo| sdwlhqw lq erwk uhjlrqv/
dyhudjh vdylqjv gr qrw fkdqjh lq wkh orqj uxq/ dqg wkh fdslwdo0oderxu udwlr lv qrw
d￿hfwhg1
7 Gl￿huhqw Sxeolf Shqvlrq Vfkhphv
Lq wkh uhpdlqghu zh zloo dvvxph wkdw doo lqglylgxdov kdyh wkh vdph sxuh udwh ri wlph
suhihuhqfh/ luuhvshfwlyh ri wkhlu uhjlrq ri eluwk +4( ’ 48 ’ 4,/ dv zh zloo irfxv rq
gl￿huhqw ghvljqv ri wkh SD\J0shqvlrq vfkhphv1 Uhjlrqdo jryhuqphqwv duh dvvxphg
wr uxq wkh vdph w|sh ri shqvlrq vfkhph> wkh rqo| gl￿huhqfh lv wkhlu jhqhurvlw|1 Zh
zloo glvwlqjxlvk wkuhh lqvwlwxwlrqdo vhwwlqjv zlwk uhvshfw wr wkh lqwhujhqhudwlrqdo ulvn0
vkdulqj surshuwlhv1 Iluvw/ d Gh￿qhg0Frqwulexwlrq +(￿, vfkhph/ zkhuh wkh vrfldo0
vhfxulw| wd{ lv frqvwdqw dqg wkh ehqh￿w ohyho lv doorzhg wr ydu|1 Vhfrqg/ d Gh￿qhg0
Ehqh￿w +(￿, vfkhph/ zkhuh wkh SD\J0wd{ lv ydulhg lq rughu wr nhhs wkh shqvlrq
ehqh￿w dw d frqvwdqw ohyho1 Dqg ￿qdoo|/ d Il{hg0Uhsodfhphqw +8-, vfkhph/ zkhuh
wkh fxuuhqw ehqh￿w ohyho lv d frqvwdqw iudfwlrq ri wkh fxuuhqw jurvv zdjh147
Gh￿qhg Frqwulexwlrq
Li wkh orfdo jryhuqphqwv uxq wkhlu sxeolf shqvlrq vfkhphv dv (￿0vfkhphv/ wkh vrfldo0
vhfxulw| wd{ lv nhsw frqvwdqw +￿￿
| ^GF‘’￿￿
^GF‘/ ;|,1 Dsduw iurp dgmxvwphqwv lq sulydwh
vdylqjv dqg wkh fdslwdo0oderxu udwlr/ wkh h￿hfwv ri grphvwlf srsxodwlrq djhlqj duh










^GF‘￿ |c ;|￿ +46,
Qdwxudoo|/ wkh SD\J0wd{ dqg ehqh￿w lq wkh iruhljq uhjlrq duh qrw d￿hfwhg e| wkh
ghprjudsklf vkrfn lq wkh rwkhu uhjlrq1
47Zh uhvwulfw rxuvhoyhv wr fdvhv zkhuh erwk uhjlrqv kdyh wkh vdph w|sh ri shqvlrq vfkhph1 Dv lv
glvfxvvhg lq Vhfwlrq 715/ wklv pdnhv qr vljql￿fdqw gl￿huhqfh wr rxu uhvxowv1
;Gh￿qhg Ehqh￿w
Li wkh orfdo jryhuqphqwv uxq wkhlu sxeolf shqvlrq vfkhphv dv (￿0vfkhphv/ wkh ohyho ri
wkh sxeolf shqvlrq ehqh￿w lv nhsw frqvwdqw +#￿
|^GE‘’#￿
^GE‘/;|,1 Dsduw iurp dgmxvwphqwv
lq sulydwh vdylqjv dqg wkh fdslwdo0oderxu udwlr/ wkh h￿hfwv ri grphvwlf srsxodwlrq











Djdlq/ wkh SD\J0wd{ dqg ehqh￿w lq wkh iruhljq uhjlrq duh qrw d￿hfwhg e| wkh ghpr0
judsklf vkrfn lq wkh rwkhu uhjlrq148
Il{hg Uhsodfhphqw Udwlr
Iru zhoiduh0srolwlfdo uhdvrqv/ jryhuqphqw srolf| pd| eh gluhfwhg wrzdugv olqnlqj wkh
sxeolf shqvlrq ehqh￿w wr fxuuhqw jurvv zdjhv1 Wkh ohyho ri wkh SD\J0ehqh￿w lv wkhq
d frqvwdqw iudfwlrq )￿ ri wkh jurvv zdjh/ #￿
|^IU‘’)￿￿|1 D edodqfhg jryhuqphqw exgjhw




|1 Iru wkh grphvwlf uhjlrq/ wkh h￿hfwv




































^IU‘’)8￿1 Frqwudu| wr wkh vhwwlqjv zlwk (￿0d q g(￿0vfkhphv/ wkh
grphvwlf vrfldo0vhfxulw| duudqjhphqwv duh qrw rqo| gluhfwo| d￿hfwhg e| srsxodwlrq
djhlqj/ exw dovr lqgluhfwo| wkurxjk fkdqjhv lq wkh fdslwdo0oderxu udwlr wkdw lq xhqfh
wkh jurvv zdjh1 Dv fdslwdo lv shuihfwo| preloh dqg wkhuhiruh wkh +fkdqjh lq wkh, jurvv
zdjh lv wkh vdph iru erwk uhjlrqv/ grphvwlf djhlqj qrz dovr d￿hfwv wkh iruhljq sxeolf
shqvlrq duudqjhphqwv1
Lq wkh iroorzlqj/ zh zloo dvvxph wkdw/ luuhvshfwlyh ri wkh lqvwlwxwlrqdo ghvljq ri wkh




^IU‘’ ￿￿c￿’(c8￿ Wklv lpsolhv wkdw wkh lqlwldo vwhdg|0vwdwh ydoxhv ri doo
48Dv ghprfudwlf jryhuqphqwv h{klelw d whqghqf| wr rulhqwdwh wkhpvhoyhv pruh wrzdugv wkh lqwhu0
hvwv ri odujhu yrwlqj jurxsv/ rqh frxog dovr dvvxph wkdw wkh jhqhurvlw| ri wkh vrfldo0vhfxulw| vfkhph
ghshqgv rq wkh uhodwlyh qxpehu ri roghu dqg |rxqjhu yrwhuv1 Wklv uhodwlyh qxpehu lv uh hfwhg lq wkh
udwh ri srsxodwlrq jurzwk1 Wkhuhiruh/ wkh SD\J0wd{ frxog eh d ixqfwlrq ri wklv jurzwk udwh/ l1h1/
￿l
w @ ￿l+ql
w,1 Djhlqj wkhq kdv dq xszdug suhvvxuh rq wkh SD\J0wd{/
C￿G
w
C￿ @ ￿3kw/ zkhuh ￿3 ? 3 gh0
qrwhv wkh pdujlqdo srolwlfdo lq xhqfh ri dq lqglylgxdo |rxqj yrwhu/ dv vkh vwulyhv iru d orz SD\J0wd{1
Wkhvh vlpsoh srolwlfv duh fdswxuhg e| rxu GE0vhwwlqj li rqh dvvxphv wkdw ￿3 @ ￿￿G^GE‘=
<rwkhu yduldeohv duh dovr wkh vdph/ luuhvshfwlyh ri wkh vshfl￿f irup ri lqwhujhqhudwlrqdo
uhglvwulexwlrq1 Wkhuhiruh/ wr dyrlg qrwdwlrqdo frpsoh{lw|/ wkh vxevfulsw uhihuulqj wr
wkh vshfl￿f shqvlrq vfkhph lv rplwwhg lq wkh lqlwldo vwhdg| vwdwh1
714 Wkh H￿hfwv ri Srsxodwlrq Djhlqj
Dv phqwlrqhg ehiruh/ wkh frqvhtxhqfhv ri d +whpsrudu|, ghfolqh lq wkh grphvwlf udwh
ri srsxodwlrq jurzwk fdq eh wudfhg e| olqhdulvlqj htxdwlrq +;,/ zkhuh r￿
| lv jlyhq e|
+9,1 Iru wkh gl￿huhqw lqvwlwxwlrqdo vhwwlqjv/ f ’ (￿c (￿c 8-/ wklv olqhdulvdwlrq









Dsshqgl{ E vshfl￿hv wkh sdudphwhuv ri +49, iru wkh gl￿huhqw shqvlrq vfkhphv1 Iru
doo vhwwlqjv/ gl￿huhqfh htxdwlrq +49, lv orfdoo| vwdeoh dv f ￿ k^[‘￿ ￿cf’(￿c (￿c
8-￿Ehvlghv orfdo vwdelolw|/ wkh iroorzlqj dvvxpswlrq zloo krog1






















￿c￿ ’ (c8c ;|￿
Vr/ wrjhwkhu zlwk wkh idfw wkdw
Yr￿
|^[‘
Y&|^[‘ : f dqg
Yr￿
|^[‘






Yo|n￿^[‘ ￿ f1 Wklv vhhpv sodxvleoh/ vlqfh iru rxu vshfl￿fdwlrq ri wkh xwlolw| ixqfwlrq/ d
fkdqjh lq wkh udwh ri lqwhuhvw rqo| d￿hfwv wkh qhw suhvhqw ydoxh ri wkh SD\J0ehqh￿w149
Pruhryhu/ wkh dvvxpswlrq lpsolhv wkdw lq wkh orqj uxq/ wkhuh lv d srvlwlyh uhodwlrq





1 Dv fdq eh vhhq
iurp Dsshqgl{ E/ Dvvxpswlrq LL lqgxfhv d srvlwlyh xsshu erxqg iru wkh +lqlwldo,
jhqhurvlw| ri wkh orfdo vrfldo0vhfxulw| duudqjhphqwv1
Iluvw/ zh dqdo|vh wkh orqj0uxq h￿hfwv ri d whpsrudu| vkrfn wr wkh udwh ri srsxod0
wlrq jurzwk ri wkh grphvwlf lqkdelwdqwv1 Vhfrqg/ zh ghvfuleh wkh vkruw0uxq g|qdplfv
ri vxfk d ghprjudsklf vkrfn1 Lq sduwlfxodu/ zh irfxv rq wkh h￿hfwv ri xqh{shfwhg
djhlqj yhuvxv dqwlflsdwhg djhlqj1
Wkh orqj0uxq h￿hfwv




Cuw.4^[‘ @ 3 zkhqhyhu ￿l
w.4 @ 3 gxh wr wkh orjdulwkplf iholflw| ixqfwlrqv1 Krzhyhu/ zh uhvwulfw
rxuvhoyhv wr vlwxdwlrqv zlwk d srvlwlyh vrfldo vhfxulw| wd{ ryhu wlph1
43Sursrvlwlrq 5 Lq wkh orqj uxq/ wkh vljq ri
Y&^[‘
YZ lv ghwhuplqhg e| wkh vljq ri E￿ 8 ￿
￿(￿1
+l, Iru f ’ (￿c(￿c8- lw krogv wkdw
Y&^[‘
YZ


















































Surri +l, Lq wkh orqj uxq/ wkh fkdqjh lq wkh fdslwdo0oderxu udwlr +
Y&^[‘
YZ , lv ghwhu0




￿3k^[‘E￿8￿￿(￿M1D vB ^[‘:fdqg k^[‘5 Efc￿￿/ wkh uhodwlrq ehwzhhq
Y&^[‘
YZ dqg E￿ 8 ￿￿ (￿
lpphgldwho| iroorzv1 Wkh lqyhuvh uhodwlrq ehwzhhq vdylqjv dqg wkh jhqhurvlw| ri wkh
vrfldo0vhfxulw| vfkhph iroorzv iurp +7,/ +9,/ dqg wkh dvvxpswlrq ri g|qdplf h!0






￿3k^IU‘1 Wkh htxdolw| krogv
iru ￿8 ’ ￿(/ ehfdxvh wkhq
Y&^[‘
YZ ’ f/ zklfk frpsohwhv wkh surri1 ￿
Qrwlfh wkdw wkh vljq ri wkh orqj0uxq fkdqjh lq wkh fdslwdo0oderxu udwlr lv lqghshqghqw
ri wkh lqvwlwxwlrqdo ghvljq ri wkh uhjlrqdo shqvlrq vfkhphv> lw rqo| ghshqgv rq wkh
uhodwlyh jhqhurvlw| ri wkh orfdo vrfldo0vhfxulw| duudqjhphqwv1 Wkh ￿uvw sduw ri Sursrvl0
wlrq 5 fdq eh lqwhusuhwhg dv iroorzv1 Li wkh jryhuqphqw ri wkh grphvwlf hfrqrp| uxqv
d uhodwlyho| jhqhurxv sxeolf shqvlrq vfkhph +￿( : ￿8,/ wkh ohyho ri grphvwlf sulydwh
vdylqjv zloo eh uhodwlyho| orz +r( ￿r 8,1 Grphvwlf djhlqj wkhq lpsolhv wkdw hyhq0
wxdoo|/ wkh srsxodwlrq vkduh ri wkh grphvwlf uhjlrq lq wkh zruog hfrqrp| ghfuhdvhv1
Vr lqglylgxdo vdylqjv lqfuhdvh rq dyhudjh/ dqg wkhuhe|/ ehfdxvh ri shuihfw fdslwdo
prelolw|/ wkh fdslwdo0oderxu udwlr1 Wklv lpsolhv d uhgxfwlrq ri wkh lqwhuhvw udwh dqg
dq lqfuhdvh ri wkh +jurvv, zdjh1 D orzhu lqwhuhvw udwh fdxvhv vdylqjv wr ghfolqh/ zkloh
d kljkhu zdjh vwlpxodwhv vdylqjv14: Dv e| dvvxpswlrq/ wkh odwwhu h￿hfw grplqdwhv
wkh iruphu/ vdylqjv hyhqwxdoo| lqfuhdvh1 Wkh vhfrqg sduw ri Sursrvlwlrq 5 vwdwhv wkdw
wkh fkdqjh lq wkh fdslwdo0oderxu udwlr lv vpdoohu li wkh uhjlrqdo jryhuqphqwv rshudwh
d 8-0vfkhph1 Vxssrvh ￿ ( : ￿ 8> wkh fdslwdo0oderxu udwlr wkhq lqfuhdvhv/
Y&^IU‘
YZ : f1
Wklv fdxvhv wkh zdjh wr lqfuhdvh lq erwk uhjlrqv1 Ehfdxvh shqvlrq ehqh￿wv duh d
4:Iru GF0 dqg GE0vfkhphv/ wkh uhodwlrq ehwzhhq wkh zdjh dqg lqglylgxdo vdylqjv lv xqdpeljx0
rxvo| srvlwlyh/ erwk lq wkh vkruw uxq dqg lq wkh orqj uxq1 Krzhyhu/ lq fdvh ri d IU0vfkhph/ wklv
uhodwlrq lv rqo| srvlwlyh +lq wkh orqj uxq, li *l ? 4.u
5.u.￿1
44frqvwdqw iudfwlrq ri wkh zdjh lq wklv vhwwlqj/ erwk vrfldo0vhfxulw| wd{hv dqg ehqh￿wv
zloo eh kljkhu/ zklfk lq wxuq kdv d qhjdwlyh lpsdfw rq sulydwh vdylqjv1 Wkhuhiruh/ wkh
lqfuhdvh lq wkh fdslwdo0oderxu udwlr zloo hyhqwxdoo| eh orzhu wkdq lq d vhwwlqj zlwk d
(￿0r ud(￿0vfkhph1 Lq wkh odwwhu wzr vhwwlqjv/ wkh fdslwdo0oderxu udwlr fkdqjhv wr
wkh vdph h{whqw ehfdxvh lq wkh orqj uxq/ wkh vl}h ri lqwhujhqhudwlrqdo uhglvwulexwlrq
lv qrw d￿hfwhg e| d whpsrudu| ghprjudsklf vkrfn +vhh htxdwlrqv +46, dqg +47,,1
Li vdylqjv lqfuhdvh/ wkhq wkhuh lv d vkliw iurp wkh lqh!flhqw xqixqghg vrfldo0vhfxulw|
duudqjhphqwv wr d pruh h!flhqw ixqghg shqvlrq v|vwhp1 Wrjhwkhu zlwk wkh lqfuhdvhg
zdjh wklv zloo kdyh d srvlwlyh h￿hfw rq ryhudoo orqj0uxq zhoiduh/ luuhvshfwlyh ri wkh lq0
vwlwxwlrqdo vhwwlqj1 Wklv h￿hfw lv vpdoohu lq fdvh ri d 8-0vfkhph ehfdxvh/ dv phqwlrqhg
deryh/ wkh lqfuhdvhg zdjhv dovr lpso| dq h{whqvlrq ri wkh lqh!flhqw SD\J0vfkhph
+lq erwk uhjlrqv,1
Wkh uhyhuvh krogv li ￿ ( ￿￿ 81D 8-0vfkhph wkhq lpsolhv wkdw wkh ghfuhdvh lq
ryhudoo orqj0uxq zhoiduh zloo eh vpdoohu uhodwlyh wr wkh rwkhu wzr vhwwlqjv1 Wklv lv
gxh wr wkh ghfuhdvhg fdslwdo0oderxu udwlr/ lpso|lqj d orzhu zdjh dqg wkhuhe| vpdoohu
+lqh!flhqw, xqixqghg vrfldo0vhfxulw| rxwod|v1 Vr d 8-0vfkhph fxuev wkh orqj0uxq
h￿hfwv ri ghprjudsklf fkdqjhv1
Ilqdoo|/ li ￿ 8 ’ ￿ (/ d whpsrudu| ghprjudsklf vkrfn zloo qrw d￿hfw wkh dyhudjh
orqj0uxq ohyho ri sulydwh vdylqjv dqg wkhuhiruh wkh fdslwdo0oderxu udwlr zloo uhpdlq
xqdowhuhg> olihwlph xwlolw| ri lqkdelwdqwv ri erwk uhjlrqv zloo hyhqwxdoo| qrw eh d￿hfwhg
hlwkhu1
Wkh vkruw0uxq g|qdplfv
Lq wkh vkruw uxq/ zh glvwlqjxlvk ehwzhhq xqh{shfwhg dqg dqwlflsdwhg djhlqj1 Zh
￿uvw dqdo|vh wkh h￿hfwv ri dq xqh{shfwhg dv|pphwulf ghprjudsklf vkrfn/ l1h1/ dq
xqdqwlflsdwhg ghfolqh lq wkh grphvwlf udwh ri srsxodwlrq jurzwk1
xqh{shfwhg djhlqj
Li dw wlph | ’ f d rqfh0rqo| qhjdwlyh vkrfn wr wkh grphvwlf udwh ri srsxodwlrq jurzwk
xqh{shfwhgo| rffxuv +￿f ￿ f,/ wkh fdslwdo0oderxu udwlr zloo lqfuhdvh/ luuhvshfwlyh ri







￿f : fcf ’ (￿c(￿c8-￿ +4<,
Wklv fdslwdo wklfnhqlqj lv gxh wr wkh oderxu irufh ehlqj vpdoohu wkdq h{shfwhg/ lp0
so|lqj d odujhu fdslwdo vwrfn shu zrunhu/ erwk lq wkh grphvwlf dqg wkh iruhljq uhjlrq1
Wklv ohdgv wr d ghfuhdvh lq wkh udwh ri lqwhuhvw dqg dq lqfuhdvh lq wkh zdjh1 Eh0
vlghv wkh fdslwdo0wklfnhqlqj h￿hfw/ wkh lqkdelwdqwv ri wkh grphvwlf uhjlrq duh dovr
frqiurqwhg zlwk dq lqfuhdvh lq wkh ghshqghqf| udwlr/ wkdw lv/ dq hurglqj wd{ edvh1
Wklv hurglqj wd{ edvh kdupv wkh grphvwlf hoghuo| dolyh dw wkh wlph wkh vkrfn rffxuv
45li d (￿0vfkhph lv lq sodfh1 Lq fdvh ri d (￿0vfkhph/ wkh fxuuhqw grphvwlf |rxqj
kdyh wr sd| dq dgglwlrqdo dprxqw ri wd{hv wr nhhs wkh SD\J0ehqh￿w lq wkh grphvwlf
uhjlrq dw lwv fxuuhqw ohyho1 Zkhq wkh ehqh￿w lv olqnhg wr wkhlu +lqfuhdvhg, jurvv zdjh
+8-0vfkhph,/ wkh fxuuhqw |rxqj lqkdelwdqwv ri erwk uhjlrqv duh frqiurqwhg zlwk d
kljkhu SD\J0wd{1 Vlqfh wkh ghshqghqf| udwlr lq wkh grphvwlf hfrqrp| lqfuhdvhv
zkhq wkh vkrfn rffxuv/ wkh dgglwlrqdo dprxqw wkh fxuuhqw grphvwlf |rxqj kdyh wr
sd| xqghu d 8-0vfkhph zloo h{fhhg wkh dgglwlrqdo sd|phqwv ri wkh fxuuhqw iruhljq
|rxqj1 Qrwh wkdw/ li d 8-0vfkhph lv lq sodfh/ wkh SD\J0ehqh￿w ri wkh hoghuo| dolyh dw
wkh prphqw djhlqj rffxuv lqfuhdvhv/ luuhvshfwlyh ri wkhlu uhjlrq ri eluwk1 Wkh| pd|
hyhq ehqh￿w lq whupv ri olihwlph xwlolw| iurp wkh ghprjudsklf fkdqjh li wkh lqfuhdvhg
ehqh￿wv rxwzhljk wkh ghfolqh lq wkh uhwxuqv rq wkhlu vdylqjv1
Sulydwh vdylqjv ri wkh |rxqj dw wlph | ’ f xqdpeljxrxvo| lqfuhdvh lq fdvh ri d
(￿0vfkhph +gxh wr Dvvxpswlrq LL,1 Zlwk d (￿0vfkhph/ dyhudjh vdylqjv lqfuhdvh
ohvv uhodwlyh wr wkh lqfuhdvh xqghu d (￿0vfkhph ehfdxvh wkh grphvwlf |rxqj duh qrz
frqiurqwhg zlwk d kljkhu SD\J0wd{ dqg qh{w0shulrg shqvlrq ehqh￿wv htxdo wkrvh
xqghu d (￿0vfkhph14; Xqghu d 8-0vfkhph/ wkh lqfuhdvh lq dyhudjh vdylqjv lv hyhq
vpdoohu wkdq zlwk d (￿0vfkhph gxh wr/ rq wkh rqh kdqg/ wkh kljkhu wd{hv wkh| sd|
zkhq |rxqj/ dqg/ rq wkh rwkhu kdqg/ wkh lqfuhdvhg ehqh￿wv wkh| uhfhlyh zkhq rog dv d
uhvxow ri wkh idfw wkdw ehqh￿wv duh olqnhg wr jurvv zdjhv1 Ehfdxvh ri wkh vshfl￿f qdwxuh
ri wkh ghprjudsklf vkrfn +d rqfh0rqo| ghfuhdvh lq ?( dw wlph | ’ f,/ olihwlph xwlolw|
ri erwk wkh grphvwlf dqg iruhljq |rxqj lqglylgxdov dolyh dw wkh prphqw djhlqj rffxuv
lqlwldoo| lqfuhdvhv wkh ohdvw xqghu d 8-0vfkhph/ dv lq wklv fdvh wkh lqh!flhqw SD\J0
vfkhph lv h{whqghg lq wkh vkruw uxq14< Olihwlph xwlolw| ri wkh grphvwlf |rxqj eruq dw
wlph | ’ f lqfuhdvhv uhodwlyho| pruh xqghu d (￿0vfkhph wkdq xqghu d (￿0vfkhph li
wkh lqfuhdvhg wd{ sd|phqwv xqghu wkh odwwhu uhjlph rxwzhljk wkh orzhu lqwhuhvw udwh
dw wlph | ’￿xqghu wkh iruphu uhjlph1 Olihwlph xwlolw| ri wkh iruhljq |rxqj eruq dw
wlph | ’fxqdpeljxrxvo| lqfuhdvhv wkh prvw lq fdvh ri d (￿0vfkhph ehfdxvh wkh
lqwhuhvw udwh dw wlph | ’￿lv kljkhu iru d (￿0vfkhph wkdq iru d (￿0vfkhph1 Wklv
kljkhu lqwhuhvw udwh lv d uhvxow ri d vpdoohu lqfuhdvh lq dyhudjh vdylqjv dv xqghu wkh
iruphu uhjlph wkh lqfuhdvh lq grphvwlf vdylqjv lv frq￿qhg e| lqfuhdvhg wd{ sd|phqwv1
Qrwlfh wkdw wkh uhvxowv ghvfulehg deryh gr qrw ghshqg rq wkh uhodwlyh jhqhurv0
lw| ri wkh uhjlrqdo vrfldo0vhfxulw| duudqjhphqwv> wkh uhodwlyh jhqhurvlw| phuho| kdv
txdqwlwdwlyh lpsolfdwlrqv1 Iljxuh 4 wr Iljxuh 6 glvsod| wkh hyroxwlrq ryhu wlph ri wkh
fdslwdo0oderxu udwlr +Iljxuh 4, dqg wkh olihwlph xwlolw| ri wkh lqkdelwdqwv ri erwk uh0
jlrqv +Iljxuhv 5 dqg 6,/ iru wkh fdvh zkhuh ￿ ( ￿ ￿ 8153 Li ￿( ￿ ￿8/ wkh ￿jxuhv zrxog eh
4;Wkh qhw suhvhqw ydoxh ri wkh qh{w0shulrg ehqh￿w lv hyhq kljkhu lq fdvh ri d GF0vfkhph wkdq
xqghu d GE0vfkhph/ dv wkh vpdoohu lqfuhdvh lq vdylqjv lq wkh odwwhu fdvh lpsolhv d kljkhu qh{w0shulrg
lqwhuhvw udwh1
4<Xqghu d GE0r uIU0vfkhph/ wkh qhw zdjhv ri wkh grphvwlf jhqhudwlrq eruq dw wkh wlph ri wkh
vkrfn pd| ghfuhdvh dqg wkhuhe| wkhlu sulydwh vdylqjv dqg hyhq olihwlph xwlolw|1 Wkh h{dfw frqglwlrq
iru wklv ghfuhdvh lq qhw zdjhv lv jlyhq lq Dsshqgl{ E1
53Wkh ￿jxuhv duh edvhg rq wkh iroorzlqj Free0Grxjodv surgxfwlrq whfkqrorj|/ i+n,@
s
n 1Ixu0
wkhupruh/ ￿ @ 3 dqg ￿G @ 4
5￿I @ 3=437z1 Wklv uhvxowv lq n @ 3=37 dqg u @5 = 8 1












time in periods  ￿
(× 10
-3)












0 1 -1 time of birth of a generation  ￿
(× 10
-3)
















Iljxuh 6 Hyroxwlrq ri Olihwlph Xwlolw| ri Iruhljq Djhqwv
Qh{w zh ghvfuleh wkh hfrqrplf h￿hfwv ri dq dqwlflsdwhg ghprjudsklf vkrfn1
dqwlflsdwhg djhlqj
Li lw ehfrphv sxeolfo| nqrzq dw wlph | ’ f wkdw d rqfh0rqo| qhjdwlyh ghprjudsklf
vkrfn wr wkh grphvwlf udwh ri srsxodwlrq jurzwk zloo rffxu dw wlph | ’ |W : f
+￿|W ￿ f,/ wkh jhqhudwlrqv eruq +lq hlwkhu uhjlrq, dw wlph | ’ f wkurxjk | ’ |W￿2 zloo
qrw dgdsw wkhlu ehkdylrxu ehfdxvh wklv vkrfn grhv qrw d￿hfw dq| hfrqrplf yduldeoh
gxulqj wkh wlph lqwhuydo dfc|W ￿ 2o/ vr
Y&|^[‘
YZ ’ fc | ’ fc￿c￿￿￿c| W￿￿1 Lq sduwlfxodu/
qrwh wkdw
Y&|W3￿^[‘
YZ ’ f/ dv d fkdqjh lq wkh fdslwdo oderxu udwlr dw wlph | ’ |W ￿ ￿ fdq







/ ru d fkdqjh lq wkh grphvwlf udwh ri srsxodwlrq jurzwk dw






+vhh wkh fdslwdo0dffxpxodwlrq htxdwlrq +;,,> qhlwkhu
ri wkhvh yduldeohv lv d￿hfwhg e| wkh vkrfn dw wlph | ’ |W154
Wkh jhqhudwlrq eruq dw wlph | ’ |W ￿ ￿ lv wkh ￿uvw wr dgdsw lwv ehkdylrxu wr wkh
qh{w0shulrg vkrfn1 Wklv dgdswlyh ehkdylrxu lv gxh wr wkh qh{w0shulrg udwh ri lqwhuhvw
+o|W, dqg wkhlu shqvlrq ehqh￿w +#￿
|W^[‘, srvvleo| ehlqj d￿hfwhg e| wkh ghprjudsklf
vkrfn1 Djhlqj lpsolhv 0 fhwhulv sdulexv 0 fdslwdo wklfnhqlqj/ l1h1/ dq lqfuhdvh lq wkh
54Doorzlqj iru hqgrjhqrxv oderxu vxsso| grhv fkdqjh wkh uhvxowv lq wklv uhvshfw/ dv lv ghvfulehg
lq Vhfwlrq 715
48fdslwdo0oderxu udwlr1 Wkh lqfuhdvhg fdslwdo0oderxu udwlr uhvxowv lq d ghfuhdvh ri wkh




d kljkhu fdslwdo0oderxu udwlr dovr ohdgv wr kljkhu zdjhv iru wkh |rxqj zrunhuv dw wlph
| ’ |W1 L qf d v hr id8-0vfkhph/ kljkhu zdjhv lpso| kljkhu ehqh￿wv1 Ehvlghv wkhvh
h￿hfwv fdxvhg e| fdslwdo wklfnhqlqj/ wkh grphvwlf uhjlrq dovr lqfxuv dq lqfuhdvh lq
wkh ghshqghqf| udwlr dw wkh prphqw ri wkh vkrfn1 Wklv hurvlrq ri wkh wd{ edvh zloo
uhvxow lq d kljkhu SD\J0wd{ wkdw wkh grphvwlf |rxqj eruq dw wlph | ’ |W kdyh wr
sd| lq rughu wr nhhs wkh ehqh￿w ohyho frqvwdqw +(￿0vfkhph,/ ru lq dgglwlrq wr wkh
douhdg| kljkhu wd{hv gxh wr fdslwdo wklfnhqlqj +8-0vfkhph,1 Lq fdvh ri d (￿0vfkhph/
wd{hv duh frqvwdqw e| gh￿qlwlrq dqg wkhuhiruh dq lqfuhdvh lq wkh grphvwlf ghshqghqf|
udwlr dw wlph | ’ |W zloo uhvxow lq orzhu shqvlrq ehqh￿wv iru wkh hoghuo| eruq dw wlph
| ’ |W ￿￿1 Wkh vkruw0uxq h￿hfwv ri dq dqwlflsdwhg ghprjudsklf vkrfn rq wkh fdslwdo0
oderxu udwlr iru wkh gl￿huhqw sxeolf shqvlrq vfkhphv duh vxppdulvhg e| wkh iroorzlqj
sursrvlwlrq1
Sursrvlwlrq 6 Jlyhq wkdw wkh djhlqj ri wkh grphvwlf srsxodwlrq dw wlph | ’ |W lv
dqwlflsdwhg/ lw krogv wkdw
+l, dw wkh wlph wkh vkrfn rffxuv/ wkh fdslwdo0oderxu udwlr fkdqjhv wkh prvw li d (￿0


























































’ ￿^[‘￿|W +vhh htxdwlrq +49,,1 Dv ￿^GF‘￿￿ ^GE‘￿￿ ^IU‘￿fc+53,
lpphgldwho| iroorzv1 +ll, Uhodwlrq +54, iroorzv iurp ￿&
2 ￿ ￿^\‘￿ fc t ’ (￿c8-￿
Uhodwlrq +55, gluhfwo| iroorzv iurp ￿
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zklfk frpsohwhv wkh surri1 ￿
Wkh ￿uvw sduw ri Sursrvlwlrq 6 fdq eh lqwhusuhwhg dv iroorzv1 Gxh wr fdslwdo wklfnhqlqj/
wkh fdslwdo0oderxu udwlr lqfuhdvhv/ exw dv wklv lqfuhdvh lv dqwlflsdwhg e| wkh jhqhudwlrq
49eruq mxvw ehiruh wkh vkrfn rffxuv/ wklv lqfuhdvh lv frq￿qhg e| d ghfuhdvh lq wkh ohyho ri
sulydwh vdylqjv lq shulrg | ’ |W ￿￿1L qf d v hr id(￿0vfkhph/ wklv ghfuhdvh lq vdylqjv
lq wkh grphvwlf uhjlrq lv vpdoohu uhodwlyh wr wkh ghfuhdvh lq grphvwlf vdylqjv zlwk d
(￿0vfkhph/ vlqfh lq wkh iruphu fdvh/ wkh orzhu shqvlrq ehqh￿wv gxh wr dq lqfuhdvhg
ghshqghqf| udwlr duh +sduwo|, frpshqvdwhg +wklv fdq hyhq uhvxow lq dq lqfuhdvh ri
grphvwlf vdylqjv dv zh zloo vkrz odwhu rq,1 Vr/ dyhudjh vdylqjv ghfolqh pruh lq d
vhwwlqj zlwk d (￿0vfkhph frpsduhg wr d vhwwlqj zlwk d (￿0vfkhph1 Jlyhq d 8-0
vfkhph/ wkh dqwlflsdwlyh ghfuhdvh lq dyhudjh vdylqjv lv hyhq odujhu ehfdxvh +frqwudu|
wr d (￿0vfkhph, shqvlrq ehqh￿wv wkhq lqfuhdvh gxh wr wkh olqnlqj wr wkh zdjh1
Wkh vhfrqg sduw ri Sursrvlwlrq 6 vwdwhv wkdw iru d (￿0r ud8-0vfkhph/ wkh
lqfuhdvh lq wkh fdslwdo0oderxu udwlr lv odujhu li wkh vkrfn lv qrw h{shfwhg1 Wklv lv
ehfdxvh ri wkh dqwlflsdwlyh ghfuhdvh lq dyhudjh vdylqjv1 Lq d vhwwlqj zlwk d (￿0
vfkhph/ wkh ghshqghqf|0udwlr h￿hfw fdq grplqdwh wkh fdslwdo0wklfnhqlqj h￿hfw/ dqg
wkxv grphvwlf vdylqjv dw wlph | ’ |W ￿ ￿ pd| hyhq lqfuhdvh1 Lq wkh iruhljq uhjlrq/
vdylqjv duh rqo| d￿hfwhg e| fdslwdo wklfnhqlqj dqg wkhuhiruh ghfuhdvh1 Li wkh grphvwlf
lqfuhdvh lq vdylqjv grplqdwhv wkh iruhljq ghfuhdvh/ dyhudjh sulydwh vdylqjv jr xs1 Vr
wkh lqfuhdvh lq wkh fdslwdo0oderxu udwlr lq fdvh ri dqwlflsdwhg djhlqj pd| eh odujhu
wkdq wkh lqfuhdvh dv d uhvxow ri dq xqh{shfwhg ghprjudsklf vkrfn1 Lq fdvh ri d
Free0Grxjodv surgxfwlrq ixqfwlrq/ sE&|￿ ’ &@














xqh{shfwhg li ￿( :￿ 81
Djdlq/ wkh uhvxowv ghvfulehg deryh gr qrw ghshqg rq wkh uhodwlyh vl}h ri wkh uhjlrqdo
sxeolf shqvlrq vfkhphv/ h{fhsw iru wkh uhodwlrq ghvfulehg lq +55,1 Iljxuh 7 wr Iljxuh 9
glvsod| wkh hyroxwlrq ryhu wlph ri wkh fdslwdo0oderxu udwlr +Iljxuh 7, dqg wkh olihwlph
xwlolw| ri wkh lqkdelwdqwv ri erwk uhjlrqv +Iljxuhv 8 dqg 9, iru dq dqwlflsdwhg vkrfn
wkdw rffxuv dw wlph | ’ ￿/+ | W’￿ ,/ iru wkh fdvh zkhuh ￿( ￿ ￿ 8155
55Iljxuhv 7 wr 9 duh edvhg rq wkh vdph sdudphwulvdwlrq dv Iljxuhv 4 wr 6/ l1h1/ d Free0Grxjodv
surgxfwlrq whfkqrorj|/ i+n,@
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Iljxuh 9 Hyroxwlrq ri Olihwlph Xwlolw| ri Iruhljq Djhqwv
715 Prgl￿fdwlrqv
Wklv vhfwlrq lv ghyrwhg wr uhod{lqj vrph ri rxu dvvxpswlrqv dqg krz wklv zrxog fkdqjh
rxu pdlq uhvxowv1 Zh ￿uvw lqwurgxfh vkruw0whup fdslwdo uljlglw|1 Vhfrqg/ zh doorz iru
hodvwlf vxsso| ri oderxu1 Diwhu wkdw/ zh dqdo|vh wkh lpsolfdwlrqv ri lqwhuqdwlrqdo
oderxu prelolw|1 Wkh qh{w prgl￿fdwlrq lv d sursruwlrqdo vrfldo0vhfxulw| wd{ lqvwhdg
ri oxps0vxp wd{dwlrq1 Ilqdoo|/ zh glvfxvv lqwhuqdwlrqdo gl￿huhqfhv lq wkh ghvljq ri
uhjlrqdo shqvlrq vfkhphv1
Fdslwdo uljlglwlhv
Uhod{lqj Dvvxpswlrq L doorzv iru wkh h{lvwhqfh ri vkruw0whup fdslwdo uljlglwlhv56 dqg
wkhuhiruh/ fdslwdo fdqqrw eh lqvwdqwdqhrxvo| pryhg wr wkh uhjlrq |lhoglqj wkh kljk0
hvw uhwxuq1 Wklv dprxqwv wr uhjduglqj fdslwdo dv pdfklqhu| dqg idfwrulhv/ wkdw duh
lppreloh lq wkh vkruw uxq1 Li d uhjlrq lv xqh{shfwhgo| klw e| d +ghprjudsklf, vkrfn/
wkh lqkdelwdqwv zloo wkhq qrw eh deoh wr dgmxvw wkhlu vwrfn ri fdslwdo dw rqfh1 Frq0
vhtxhqwo|/ wkh uhjlrqv zloo whpsrudulo| idfh gl￿huhqw udwhv ri lqwhuhvw/ dqg wkhuhe|
gl￿huhqw fdslwdo0oderxu udwlrv1 Krz vkruw0whup fdslwdo lpprelolw| lq xhqfhv rxu uh0
56Zh duh dzduh ri wkh idfw wkdw rxu prghoolqj ri lpshuihfw fdslwdo prelow| lv vrphzkdw xqfrq0
yhqwlrqdo exw vx!fhv rxu sxusrvhv1 D pruh vwdqgdug zd| zrxog eh wr iroorz wkh dgmxvwphqw0frvw
dssurdfk e| Kd|dvkl +4<;5,/ exw wklv lv eh|rqg wkh vfrsh ri rxu dqdo|vlv1
4<vxowv zlwk uhvshfw wr gl￿huhqfhv lq lqglylgxdo wkuliwlqhvv dqg gl￿huhqw w|shv ri sxeolf
shqvlrq vfkhphv/ lv glvfxvvhg ehorz1
Gl￿huhqw sxuh udwhv ri wlph suhihuhqfh
Li wkh fdslwdo vwrfn lv qrw preloh lq wkh vkruw uxq/ dq xqh{shfwhg vkrfn wr wkh grphvwlf
udwh ri srsxodwlrq jurzwk dw wlph | ’ f +￿f ￿ f, lpsolhv wkh iroorzlqj lqlwldo vkliwv









Vr/ zdjhv dqg lqwhuhvw udwhv lqlwldoo| gl￿hu dprqj wkh wzr uhjlrqv1 Gxh wr wkh vkruw0
whup fdslwdo uljlglw|/ wkh vslooryhu h￿hfwv ri grphvwlf djhlqj rq wkh iruhljq uhjlrq duh
uhgxfhg1 Wkh roghu jhqhudwlrq uhvlglqj lq wkh iruhljq uhjlrq dw wlph | ’ f lv qrw dw
doo frqiurqwhg zlwk wkh h￿hfwv ri wkh djhlqj ri wkh srsxodwlrq lq wkh grphvwlf uhjlrq1
Wkh |rxqjhu jhqhudwlrq eruq dw wkh ehjlqqlqj ri shulrg f lq wkh iruhljq uhjlrq lv rqo|
frqiurqwhg zlwk d gl￿huhqw fdslwdo0oderxu udwlr lq wkh qh{w shulrg/ zkhq wkh| duh rog1
Vlqfh wkh fkdqjh lq wkh qh{w0shulrg fdslwdo0oderxu lv rqo| uh hfwhg lq wkh lqwhuhvw
udwh dqg ehfdxvh wkh qh{w0shulrg lqwhuhvw udwh grhv qrw d￿hfw wkh fxuuhqw vdylqjv
ghflvlrq +gxh wr rxu vshfl￿fdwlrq ri wkh xwlolw| ixqfwlrq dqg wkh devhqfh ri sxeolf
shqvlrqv,/ wkhuh zloo lqlwldoo| eh qr vslooryhu h￿hfwv dw doo1 Frqvhtxhqwo|/ wkh exughq
dqg eohvvlqjv ri d orzhu grphvwlf udwh ri srsxodwlrq jurzwk duh frpsohwho| ihow e|
wkh lqkdelwdqwv ri wkh uhjlrq wkdw lv klw e| wkh vkrfn1 Wkh zrunhuv duh qrz eohvvhg
e| dq dgglwlrqdo lqfuhdvh lq wkhlu zdjh/ zkloh wkh uhwluhhv kdyh wr ehdu wkh exughq
ri d odujhu ghfuhdvh lq wkh grphvwlf udwh ri lqwhuhvw/ frpsduhg wr wkh fdvh zkhuh
vkruw0whup fdslwdo uljlglwlhv duh devhqw1 Lw lpphgldwho| iroorzv iurp +45, wkdw wkh
qh{w0shulrg fkdqjh lq wkh fdslwdo0oderxu udwlr +zklfk lv wkh vdph iru erwk uhjlrqv, lv
odujhu +vpdoohu, uhodwlyh wr wkh fdvh zlwk dq lqvwdqwdqhrxv dgmxvwphqw ri wkh fdslwdo0















Wklv gl￿huhqfh lv gxh wr sdwlhqw +lpsdwlhqw, lqglylgxdov vdylqj uhodwlyho| pruh +ohvv,
ri wkh dgglwlrqdo zdjh lqfrph1 Iurp shulrg 4 rq/ wkh hyroxwlrq ri wkh fdslwdo0oderxu
udwlr ryhu wlph lv vlplodu wr wkh hyroxwlrq ghvfulehg lq Vhfwlrq 6 dqg lv jlyhq e|
gl￿huhqfh htxdwlrq +45,1
Gl￿huhqw w|shv ri shqvlrq vfkhphv
Li wkh fdslwdo vwrfn lv lppreloh lq wkh vkruw uxq/ xqh{shfwhg djhlqj ri wkh grphvwlf
srsxodwlrq dw wlph | ’ f lpsolhv d vlplodu dv|pphwulf lqlwldo vkliw lq wkh fdslwdo0
oderxu udwlr dv lq fdvh ri gl￿huhqfhv lq lqglylgxdo wkuliwlqhvv +vhh +56,,1 Vr/ zdjhv
53dqg lqwhuhvw udwhv lqlwldoo| dovr gl￿hu dprqj wkh uhjlrqv1 Djdlq/ wkh vslooryhu h￿hfwv
duh uhgxfhg1 Wkh roghu jhqhudwlrq uhvlglqj lq wkh iruhljq uhjlrq dw wlph | ’flv
qrw dw doo frqiurqwhg zlwk wkh h￿hfwv ri wkh djhlqj ri wkh srsxodwlrq lq wkh grphvwlf
uhjlrq1 Wkh |rxqjhu jhqhudwlrq eruq dw wkh ehjlqqlqj ri shulrg f lq wkh iruhljq
uhjlrq lv rqo| frqiurqwhg zlwk d gl￿huhqw udwh ri lqwhuhvw lq wkh qh{w shulrg/ dqg
d fkdqjh lq wkh shqvlrq ehqh￿wv wkh| uhfhlyh zkhq rog +li wkh iruhljq jryhuqphqw
uxqv d 8-0vfkhph,1 Dv wkh fkdqjh lq wkh lqwhuhvw udwh lq xhqfhv wkh qhw suhvhqw
ydoxh ri wkh shqvlrq ehqh￿wv/ wkh fxuuhqw vdylqjv ghflvlrq lv d￿hfwhg/ luuhvshfwlyh ri
wkh w|sh ri shqvlrq vfkhph lq wkh iruhljq uhjlrq1 Vr wkh exughq dqg eohvvlqjv ri wkh
ghfolqh lq wkh grphvwlf udwh ri srsxodwlrq jurzwk duh vkliwhg deurdg wr d ohvvhu h{whqw/
uhodwlyh wr wkh fdvh zkhuh fdslwdo uljlglwlhv duh devhqw1 Wkh grphvwlf zrunhuv duh qrz
eohvvhg e| dq dgglwlrqdo lqfuhdvh lq wkhlu zdjh/ zkloh wkh shqvlrqhuv vx￿hu iurp dq
dgglwlrqdo ghfuhdvh lq wkh grphvwlf udwh ri lqwhuhvw1 Lw lpphgldwho| iroorzv iurp +49,
wkdw wkh qh{w0shulrg fkdqjh lq wkh fdslwdo0oderxu udwlr +zklfk lv wkh vdph iru erwk
uhjlrqv, lv htxdo wr wkh fdvh zlwk dq lqvwdqwdqhrxv dgmxvwphqw ri wkh fdslwdo0oderxu
udwlr li wkh orfdo jryhuqphqwv erwk uxq d (￿0r ud(￿0vfkhph/ luuhvshfwlyh ri lwv
uhodwlyh jhqhurvlw|1 Lq fdvh ri d 8-0vfkhph/ krzhyhu/ wkh fkdqjh lq wkh fdslwdo0oderxu
udwlr dw wlph | ’￿zloo eh odujhu +vpdoohu, li wkh vl}h ri wkh grphvwlf vrfldo0vhfxulw|



























Htxdwlrq +581d, lpphgldwho| iroorzv iurp wkh idfw wkdw wkh srvlwlyh lpsdfw ri lqlwldo
fdslwdo wklfnhqlqj rq wkh zdjh lv qrw d￿hfwhg e| wkh +vl}h ri wkh, vrfldo0vhfxulw|
duudqjhphqwv1 Lq fdvh ri d 8-0vfkhph +htxdwlrq +581e,,/ wkh srvlwlyh lpsdfw ri
fdslwdo wklfnhqlqj rq wkh qhw zdjh lv frq￿qhg e| wkh idfw wkdw fdslwdo wklfnhqlqj dovr
lpsolhv dq lqfuhdvh lq wkh SD\J0wd{ dv ehqh￿wv duh olqnhg wr jurvv zdjhv1 Iurp shulrg
4 rq wkh hyroxwlrq ryhu wlph ri wkh fdslwdo0oderxu udwlr lv vlplodu wr wkh hyroxwlrq
ghvfulehg lq Vhfwlrq 714 dqg lv jlyhq e| gl￿huhqfh htxdwlrq +49,1
Hodvwlf oderxu vxsso|
Li zh lqfrusrudwh hodvwlf oderxu vxsso| lqwr rxu iudphzrun/ lqglylgxdov kdyh dq dg0
glwlrqdo lqvwuxphqw wr uhdfw wr d ghprjudsklf vkrfn1 Ehvlghv dgdswlqj wkhlu sulydwh
vdylqjv/ wkh| fdq dovr dgmxvw wkh doorfdwlrq ri wkhlu wlph hqgrzphqw ryhu oderxu dqg
ohlvxuh1 Li zh dvvxph wkdw erwk pdwhuldo frqvxpswlrq dqg ohlvxuh duh qrupdo jrrgv/ d
ghfuhdvh +lqfuhdvh, lq pdwhuldo frqvxpswlrq srvvlelolwlhv lv dffrpsdqlhg e| d ghfuhdvh
+lqfuhdvh, lq ohlvxuh wlph/ lpso|lqj dq lqfuhdvh +ghfuhdvh, lq wkh dprxqw ri oderxu
vxssolhg1 E| ydu|lqj wkhlu oderxu vxsso|/ lqglylgxdov d￿hfw wkh wd{ edvh1 Li wd{hv
54dqg ehqh￿wv duh wr vrph h{whqw uhodwhg wr wklv wd{ edvh/ wkh vl}h ri lqwhujhqhudwlrqdo
uhglvwulexwlrq lv wkhuhe| d￿hfwhg wrr +iru h{dpsoh/ li wd{hv duh ohylhg sursruwlrqdoo|
dv glvfxvvhg ehorz,1
Lq sduwlfxodu/ hodvwlf vxsso| ri oderxu lv ri vljql￿fdqfh li djhlqj lv h{shfwhg1 Vxs0
srvh wkdw lw ehfrphv sxeolfo| nqrzq dw wlph | ’ f wkdw d qhjdwlyh ghprjudsklf vkrfn
wr wkh grphvwlf udwh ri srsxodwlrq jurzwk zloo rffxu dw wlph | ’ |W : f1 Wkh jhq0
hudwlrq eruq dw wlph | ’ |W ￿ ￿ zloo dgdsw lwv ehkdylrxu ehfdxvh wklv vkrfn fkdqjhv
0 fhwhulv sdulexv 0 wkh lqwhuhvw udwh dqg wkh shqvlrq ehqh￿wv lq shulrg |W1 Wkh jhq0
hudwlrq eruq mxvw ehiruh wkh vkrfn zloo dqwlflsdwh e| fkdqjlqj wkhlu sulydwh vdylqjv
dqg wkh dprxqw ri wlph vshqw rq oderxu dfwlylwlhv1 D fkdqjh lq wkh vxsso| ri oderxu
lq shulrg |W ￿ ￿ d￿hfwv wkh wd{ edvh dw wkdw wlph dqg wkhuhe| +srvvleo|, wkh shqvlrq
ehqh￿wv ri wkh jhqhudwlrq eruq dw wlph | ’ |W ￿ 2￿ Wklv jhqhudwlrq zloo uhdfw wr d
fkdqjh lq wkhlu shqvlrq ehqh￿wv e| dowhulqj wkhlu vdylqjv dqg vxsso| ri oderxu1 Vr/
wkh wd{ edvh dw wlph | ’ |W ￿ 2 zloo eh d￿hfwhg lpso|lqj dqwlflsdwlyh ehkdylrxu ri
wkh jhqhudwlrq eruq dw wlph | ’ |W ￿ ￿1 Dv wklv surfhvv ri dqwlflsdwlyh ehkdylrxu ri
jhqhudwlrqv frqwlqxhv edfn lq wlph/ wkh jhqhudwlrq ri |rxqjvwhuv dolyh dw wkh prphqw
wkh ixwxuh vkrfn ehfrphv sxeolf zloo dovr dqwlflsdwh1 Wkhuhiruh/ lqfrusrudwlqj hodvwlf
oderxu vxsso| lpsolhv wkdw ghprjudsklf vkrfnv fdq kdyh frqvhtxhqfhv iru hfrqrplf
ehkdylrxu dv vrrq dv wkh vkrfn ehfrphv sxeolfo| nqrzq1
Oderxu prelolw|
Lq wkh devhqfh ri shuihfw lqwhuqdwlrqdo fdslwdo prelolw|/ doorzlqj iru lqwhuqdwlrqdo
prelolw| ri oderxu zloo d￿hfw rxu uhvxowv dv iroorzv1 Zh zloo glvwlqjxlvk ehwzhhq
shupdqhqw dqg whpsrudu| pljudwlrq uhjlphv/ zklfk/ dffruglqj wr Ndud|doflq +4<<7,/
fruuhvsrqg wr wudqvdwodqwlf pljudwlrqv lq wkh sdvw fhqwxulhv dqg wr uhfhqw Jdvwduehlwhu
v|vwhpv/ uhvshfwlyho|1 Shupdqhqw pljudwlrq phdqv wkdw |rxqj pljudqwv ohdyh wkhlu
uhjlrq ri eluwk dw wkh ehjlqqlqj ri wkhlu lqgxvwulrxv olih dqg qhyhu uhwxuq1 Vr/ wklv
nlqg ri pljudwlrq lqyroyhv wkh lqwhuqdwlrqdo pryhphqw ri erwk oderxu dqg fdslwdo=
wkh pljudqwv lqyhvw wkhlu vdylqjv lq wkh krvw uhjlrq1 Whpsrudu| pljudwlrq lv gh￿qhg
dv wkh lqwhuqdwlrqdo pryhphqw ri oderxu rqo|1 Djhqwv vshqg wkhlu lqgxvwulrxv olih
deurdg dqg uhwxuq wr wkhlu uhjlrq ri eluwk zkhq rog dqg wkhuhe| lqyhvw wkhlu vdylqjv
lq wkdw uhjlrq1
Shupdqhqw pljudwlrq
Shupdqhqw pljudwlrq lq d +wzr0shulrg, ryhuodsslqj0jhqhudwlrqv iudphzrun kdv ehhq
vwxglhg e| Jdoru +4<;9,1 Kh vkrzv wkdw/ lq wkh devhqfh ri dq lppreloh idfwru dqg
SD\J0sxeolf shqvlrqv/ wkhuh h{lvwv dq lqfhqwlyh wr pljudwh wr wkh sdwlhqw uhjlrq/
zklfk phdqv lq rxu vhwxs/ wkh uhjlrq zlwk kljkhvw lqglylgxdo wkuliwlqhvv1 Dv pljudqwv
lpsruw wkhlu rzq fdslwdo vwrfn +wkurxjk wkhlu rzq vdylqjv,/ wkh zdjh ri wkh krvw
uhjlrq uhpdlqv deryh wkdw ri wkh vrxufh uhjlrq/ dqg wkhuhiruh wkh hqwluh |rxqj srsx0
odwlrq ri wkh lpsdwlhqw uhjlrq zloo hyhqwxdoo| pljudwh wr wkh sdwlhqw uhjlrq1 Iru wkhlu
55ghvfhqgdqwv dv zhoo dv iru wkh r￿vsulqj ri wkh qdwlyh lqkdelwdqwv ri wkh krvw uhjlrq lw
krogv wkdw wkh| zloo uhvlgh lq wkhlu uhjlrq ri eluwk1 Wkhuhiruh/ rqo| rqh uhjlrq zloo eh
srsxodwhg lq wkh orqj uxq1 Lw lv vwudljkwiruzdug wkdw srsxodwlrq djhlqj zloo qrw lqflwh
dq| pljudwlrq  rzv jlyhq wkh glvwulexwlrq ri djhqwv lq wkh +lqlwldo, htxloleulxp1
Dqdorjrxvo|/ lq fdvh ri SD\J0sxeolf shqvlrqv/ wkhuh zloo lqlwldoo| eh dq lqfhqwlyh
wr pljudwh wr wkh uhjlrq zlwk uhodwlyho| phdjhu vrfldo0vhfxulw| duudqjhphqwv +dv wklv
lv wkh uhjlrq zlwk d uhodwlyho| kljk fdslwdo vwrfn,1 Lppljudwlrq lqwr wklv uhjlrq kdv
wzr rssrvlwh h￿hfwv rq wkh qhw zdjh1 Iluvw/ jurvv zdjhv jr grzq gxh wr fdslwdo
gloxwlrq1 Vhfrqg/ wkh ghshqghqf| udwlr ghfuhdvhv ehfdxvh |rxqj shrsoh hqwhu wkh
uhjlrq/ zklfk eurdghqv wkh wd{ edvh1 Ghshqglqj rq wkh w|sh ri shqvlrq vfkhph/ wklv
frxog lpso| d orzhu vrfldo vhfxulw| wd{1 Lq wkh rwkhu uhjlrq/ zklfk idfhv hpljudwlrq/
jurvv zdjhv jr xs gxh wr fdslwdo wklfnhqlqj dqg wkh ghshqghqf| udwlr lqfuhdvhv/
zklfk pd| lqfuhdvh wkh SD\J0wd{1 Li/ rq wkh rqh kdqg/ wkh ghshqghqf| udwlr0h￿hfw
grplqdwhv wkh fdslwdo0gloxwlrq h￿hfwv lq wkh krvw frxqwu| dqg wkh fdslwdo0wklfnhqlqj
h￿hfw lq wkh vrxufh frxqwu|/ wkhq lppljudwlrq kdv d srvlwlyh h￿hfw rq wkh qhw zdjh
dqg hpljudwlrq d qhjdwlyh h￿hfw1 Wklv lpphgldwho| lpsolhv wkdw wkh wrwdo |rxqj
srsxodwlrq ri wkh uhjlrq zlwk wkh jhqhurxv shqvlrq duudqjhphqwv zloo lqvwdqwdqhrxvo|
pljudwh wr wkh uhjlrq zlwk wkh phdjhu duudqjhphqwv1 Rq wkh rwkhu kdqg/ li wkh fdslwdo
h￿hfwv duh grplqdqw/ wkhuh zloo eh d judgxdo wudqvlwlrq hyhqwxdoo| dovr ohdglqj wr rqh
srsxodwhg uhjlrq +wkh rqh zlwk wkh uhodwlyho| orz SD\J0wd{hv, dqg rqh frpsohwho|
hpsw| uhjlrq1 Lq erwk fdvhv/ wkh vdph htxloleulxp dulvhv dqg djhlqj ri +d sduw ri,
wkh srsxodwlrq zloo wkhuhiruh qrw fdxvh dq| lqfhqwlyhv iru pljudwlrq +vhh dovr Phlhu
^4<<;‘,1
Krzhyhu/ lq wkh devhqfh ri d vwruh ri ydoxh dqg h{rjhqrxvo| jlyhq zdjhv/ qr xqltxh
vwhdg|0vwdwh htxloleulxp h{lvwv1 Wkhuh zloo dovr eh dq lqfhqwlyh wr pljudwh wr wkh
uhjlrq zlwk uhodwlyho| phdjhu vrfldo0vhfxulw| duudqjhphqwv1 Exw li doo djhqwv kdyh
pljudwhg wr wklv uhjlrq/ wkh qh{w0shulrg |rxqj zloo kdyh dq lqfhqwlyh wr pljudwh wr
wkh rwkhu +qrz hpsw|, uhjlrq ehfdxvh wkhq wkh| gr qrw kdyh wr sd| dq| SD\J0
wd{hv/ dv wkhuh duh qr uhwluhhv suhvhqw1 Wkh qh{w jhqhudwlrq ri preloh |rxqj djhqwv
zloo pdnh d vlplodu gholehudwlrq1 Vlqfh djhqwv duh jliwhg zlwk shuihfw iruhvljkw/ wkhvh
ixwxuh pljudwlrq  rzv zloo sxw d vwudlq rq wkhlu lqfhqwlyhv dqg pxowlsoh htxloleuld
ruljlqdwh +vhh iru h{dpsoh Yrq Kdjhq dqg Zdo} ^4<<8‘,1 Rqo| wkh lqwurgxfwlrq ri d
￿{hg idfwru lq surgxfwlrq zloo dvvxuh wkh h{lvwhqfh ri d xqltxh htxloleulxp ehfdxvh lq
wkdw fdvh wkh uhodwlyh uhgxqgdqf| ri +pljudqw, oderxu zloo uhvxow lq dq djjorphudwlrq
glvdgydqwdjh wkurxjk d grzqzdug suhvvxuh rq wkh +pljudqwv*, zdjhv/ wkhuhe| fxuelqj
wkh vxevhtxhqw pljudwlrq  rzv1
Whpsrudu| pljudwlrq
Zlwk uhvshfw wr whpsrudu| pljudwlrq zh uhvwulfw rxuvhoyhv wr wkh fdvh ri furvv0erughu
zrunhuv zkr vxsso| oderxu lq rqh uhjlrq zkloh wkh| uhvlgh lq wkh rwkhu1 Ixuwkhupruh/
zh dvvxph wkdw vrfldo0vhfxulw| wd{hv duh uhvlghqfh edvhg/ l1h1/ djhqwv duh oldeoh wr sd|
56wd{hv lq wkhlu uhjlrq ri eluwk dqg qrw lq wkh uhjlrq lq zklfk wkh| zrun1 Rqo| doorz0
lqj iru whpsrudu| pljudwlrq/ lq wkh suhvhqfh ri SD\J0vrfldo vhfxulw|/ uhvxowv lq wkh
iroorzlqj lqlwldo +vwhdg|0vwdwh, pljudwlrq  rzv1 Li erwk uhjlrqv kdyh htxdoo| jhqhurxv
vrfldo0vhfxulw| duudqjhphqwv/ djhqwv zloo lqlwldoo| vxsso| oderxu lq wkhlu uhjlrq ri eluwk
rqo| dqg wkhuh lv qr furvv0erughu oderxu prelolw|1 Li wkh uhjlrqdo shqvlrq vfkhphv
gl￿hu lq wkhlu jhqhurvlw|/ sduw ri wkh oderxu irufh ri wkh uhjlrq zlwk wkh uhodwlyho| kljk
shqvlrq ehqh￿wv dqg wd{hv zloo furvv wkh erughu dqg vxsso| wkhlu oderxu deurdg1 Wklv
lv gxh wr fdslwdo ehlqj uhodwlyho| vfdufh lq wkh iruphu uhjlrq/ lpso|lqj uhodwlyho| orz
zdjhv1 Furvv0erughu oderxu prelolw| zloo htxdolvh zdjhv1 Vr wkhuh zloo eh qr lqlwldo
lqwhuuhjlrqdo zdjh gl￿huhqwldo157 Lq wkh vkruw uxq/ srsxodwlrq djhlqj zloo/ luuhvshfwlyh
ri wkh uhodwlyh vl}h ri wkh sxeolf shqvlrq vfkhphv/ lqgxfh d pryhphqw ri furvv0erughu
zrunhuv wr wkh djhlqj uhjlrq dv fdslwdo lv uhodwlyho| dexqgdqw1 Lq wkh orqj uxq/ wkh
fkdqjh lq wkh qxpehu ri furvv0erughu zrunhuv ghshqgv rq wkh uhodwlyh vl}h ri wkh sxe0
olf shqvlrq vfkhph lq wkh djhlqj uhjlrq1 Li/ rq wkh rqh kdqg/ wkh jryhuqphqw ri wkh
djhlqj uhjlrq +vd| wkh grphvwlf rqh, uxqv d uhodwlyho| jhqhurxv vrfldo0vhfxulw| vfkhph
+dqg wkhuhiruh lqlwldoo| vrph grphvwlf zrunhuv vxsso| oderxu lq wkh iruhljq uhjlrq,/
wkh qxpehu ri grphvwlf furvv0erughu zrunhuv zloo ghfuhdvh ehfdxvh wkh uhodwlyh vl}h
ri wkh grphvwlf uhjlrq kdv ghfuhdvhg vlqfh zh prgho djhlqj dv d rqfh0rqo| qhjdwlyh
vkrfn wr wkh grphvwlf udwh ri srsxodwlrq jurzwk1 Wkh ghfuhdvh lq wkh vl}h ri wkh gr0
phvwlf uhjlrq lpsolhv wkdw wkh ghflvlrq ri rqh vlqjoh grphvwlf furvv0erughu zrunhu wr
vxsso| oderxu deurdg kdv d kljk srvlwlyh lpsdfw rq wkh grphvwlf zdjh uhodwlyh wr wkh
vlwxdwlrq ehiruh wkh rffxuuhqfh ri djhlqj1 Vr wkhuh zloo eh ohvv grphvwlf furvv0erughu
zrunhuv1 Li/ rq wkh rwkhu kdqg/ wkh grphvwlf jryhuqphqw uxqv d uhodwlyho| phdjhu
sxeolf shqvlrq vfkhph +dqg wkhuhiruh lqlwldoo| vrph iruhljq zrunhuv vxsso| oderxu lq
wkh grphvwlf uhjlrq,/ wkh qxpehu ri iruhljq furvv0erughu zrunhuv zloo ghfuhdvh dv wkh
fdslwdo vwrfn ri wkh grphvwlf uhjlrq kdv ghfuhdvhg +ehfdxvh ri ohvv grphvwlf sulydwh
vdylqjv,1 Wkh ghfuhdvh lq wkh grphvwlf fdslwdo vwrfn lpsolhv wkdw wkh ghflvlrq ri
rqh vlqjoh iruhljq furvv0erughu zrunhu wr vxsso| oderxu lq wkh grphvwlf uhjlrq kdv d
qhjdwlyh grzqzdug h￿hfw rq wkh grphvwlf zdjh uhodwlyh wr wkh vlwxdwlrq ehiruh wkh
rffxuuhqfh ri djhlqj1 Vr wkh qxpehu ri iruhljq furvv0erughu zrunhuv zloo ghfuhdvh1
Sursruwlrqdo wd{hv
Li wd{hv duh qrw froohfwhg lq d oxps0vxp idvklrq exw udwkhu dv d sursruwlrq ri wkh jurvv
zdjh/ wkh lqwhujhqhudwlrqdo ulvn0vkdulqj surshuwlhv ri wkh gl￿huhqw w|shv ri shqvlrq
vfkhphv zloo fkdqjh1 Zlwk sursruwlrqdo wd{dwlrq/ wd{hv dqg ehqh￿wv duh uhvshfwlyho|
jlyhq e| ￿ ￿ | ’ ￿|￿| dqg ￿ #| ’E ￿n? | ￿ ￿ | ￿ | ￿Zh vkrz ehorz wkdw/ lq wkh devhqfh ri
hqgrjhqrxv oderxu vxsso|/ sursruwlrqdo wd{dwlrq rqo| lpsolhv gl￿huhqw ulvn0vkdulqj
57Ndud|doflq +4<<7/ Sursrvlwlrq 4/ s1539, vkrzv wkdw whpsrudu| pljudwlrq dqg lqwhuqdwlrqdo fdsl0
wdo prelolw| duh htxlydohqw lq wkh vhqvh wkdw dw dq| lqvwdqw/ wkh udwh ri lqwhuhvw/ zdjhv/ sulydwh vdylqjv
dqg ￿uvw0shulrg dqg vhfrqg0shulrg frqvxpswlrq srvvlelolwlhv duh wkh vdph xqghu erwk vhwwlqjv1 Lq







￿3+￿, ?3> ;w/ zkhuh ￿w ghqrwhv wkh qxpehu ri grphvwlf furvv0erughu zrunhuv1
57surshuwlhv frpsduhg wr oxps0vxp wd{dwlrq/ exw grhv qrw d￿hfw rxu pdlq uhvxowv1
Gh￿qhg Frqwulexwlrq
Uhfdoo wkdw iru (￿0vfkhphv/ wkh vrfldo0vhfxulw| wd{ lv nhsw frqvwdqw +￿ ￿
| ^GF‘’ ￿￿/ ;|,1



























Frqwudu| wr oxps0vxp wd{dwlrq/ wkh SD\J0wd{ dqg ehqh￿w lq wkh iruhljq uhjlrq duh
d￿hfwhg e| wkh ghprjudsklf vkrfn lq wkh rwkhu uhjlrq wkurxjk fdslwdo wklfnhqlqj1
Frpsdulqj +46*, wr +48, vkrzv wkdw erwk xqghu d (￿0vfkhph zlwk sursruwlrqdo
wd{dwlrq dqg xqghu d 8-0vfkhph zlwk oxps0vxp wd{dwlrq/ wkh h￿hfwv ri djhlqj fdxvhg
e| fdslwdo wklfnhqlqj duh vkduhg e| wkh fxuuhqw rog dqg |rxqj1 Wkh ghshqghqf|0udwlr
h￿hfw lv lq wkh iruphu fdvh rqo| ihow e| wkh shqvlrqhuv/ dqg lq wkh odwwhu fdvh e| wkh
wd{ sd|huv1
Gh￿qhg Ehqh￿w





























Frpsdulqj +47*, wr +47, vkrzv wkdw lq fdvh ri sursruwlrqdo wd{dwlrq/ erwk wkh ghshqghqf|0
udwlr h￿hfw dqg wkh fdslwdo0wklfnhqlqj h￿hfw duh dw wkh h{shqvh ri wkh wd{0sd|lqj
jhqhudwlrq/ dv wrwdo wd{ uhyhqxhv kdyh wr eh frqvwdqw1
Il{hg Uhsodfhphqw Udwlr
Li wkh ohyho ri wkh SD\J0ehqh￿w lv d frqvwdqw iudfwlrq )￿ ri wkh jurvv zdjh/ wkhq ￿ #
￿
|^IU‘’





|1 Wkh h￿hfwv ri grphvwlf srsxodwlrq djhlqj rq wkh vrfldo0vhfxulw| duudqjhphqwv
















’f c ; | ￿ + 48*,
D frpsdulvrq ri +48*, zlwk +47, vkrzv wkdw d 8-0vfkhph zlwk sursruwlrqdo wd{dwlrq
lv htxlydohqw wr d (￿0vfkhph zlwk oxps0vxp wd{dwlrq +zlwk #( ’ )(,1
58Lqwhuqdwlrqdo gl￿huhqfhv lq wkh ghvljq ri shqvlrq vfkhphv
Zh uhvwulfwhg rxuvhoyhv wr fdvhv zkhuh erwk uhjlrqv kdyh wkh vdph w|sh ri shqvlrq
vfkhph1 Iru dq| grphvwlf lqvwlwxwlrqdo ghvljq/ lw pdnhv qr gl￿huhqfh iru wkh h￿hfwv
ri +grphvwlf, djhlqj rq wkh fdslwdo0oderxu udwlr zkhwkhu wkh iruhljq jryhuqphqw uxqv
d (￿0r u(￿0vfkhph/ dv wkh iruhljq srsxodwlrq vl}h lv dvvxphg wr eh frqvwdqw ryhu
wlph1 Li d 8-0vfkhph lv vxshulpsrvhg rq wkh iruhljq uhjlrq/ wkhq +jlyhq Dvvxpswlrq
LL, wkh h￿hfwv ri grphvwlf djhlqj rq wkh fdslwdo0oderxu udwlr duh fxuehg uhodwlyh wr dq|
rwkhu w|sh ri iruhljq shqvlrq vfkhph1 Vxssrvh/ iru h{dpsoh/ wkdw grphvwlf djhlqj
lpsolhv 0 fhwhulv sdulexv 0 dq lqfuhdvh ri wkh fdslwdo0oderxu udwlr1 Wklv ohdgv wr d
kljkhu zdjh dqg/ lq fdvh ri d 8-0vfkhph lq wkh iruhljq uhjlrq/ wr dq lqfuhdvh ri wkh
jhqhurvlw| ri wkh iruhljq vrfldo0vhfxulw| vfkhph1 Wklv kdv/ jlyhq g|qdplf h!flhqf|/ d
qhjdwlyh h￿hfw rq iruhljq sulydwh vdylqjv dqg wkhuhe| rq wkh lqfuhdvh ri wkh fdslwdo0
oderxu udwlr1
8 Frqfoxglqj Uhpdunv
Lq wkh oljkw ri ixuwkhu Hxurshdq xql￿fdwlrq dqg joredo lqwhjudwlrq/ dv|pphwulf gh0
prjudsklf vkrfnv zloo lqfuhdvlqjo| eulqj derxw lqwhuqdwlrqdo lpsolfdwlrqv1 Dwrs lq0
whujhqhudwlrqdo ulvn0vkdulqj/ lqwhuqdwlrqdo ulvn0vkdulqj wkhuhiruh ghvhuyhv pruh dwwhq0
wlrq1 Lq wklv sdshu/ zh dqdo|vhg wkh h￿hfwv ri dv|pphwulf ghprjudsklf vkrfnv lq
d wzr0uhjlrq iudphzrun zlwk shuihfwo| preloh fdslwdo1 Zh irxqg wkdw srsxodwlrq
djhlqj lq rqh uhjlrq fdxvhv vhyhudo lqwhuqdwlrqdo vslooryhu h￿hfwv1 Wkh pdjqlwxgh ri
wkhvh vslooryhuv ghshqgv rq uhjlrqdo gl￿huhqfhv lq lqglylgxdo wkuliwlqhvv dqg wkh ghvljq
dqg jhqhurvlw| ri vrfldo0vhfxulw| duudqjhphqwv1 Zkhwkhu wkh djhlqj uhjlrq lv d qhw
ohqghu ru eruurzhu wxuqhg rxw wr eh ri vljql￿fdqw lpsruwdqfh iru erwk wkh vkruw0uxq
g|qdplfv dqg wkh orqj0uxq h￿hfwv1 Lw zrxog eh lqwhuhvwlqj wr h{sdqg rxu dqdo|vlv
wr lqyhvwljdwh fdslwdo pdunhw lpshuihfwlrqv/ dv ghvfulehg e| Jrugrq dqg Eryhqehuj
+4<<9,/ dqg lqwhuqdwlrqdo srolf| frruglqdwlrq +vhh Shpehuwrq ^4<<<‘, ru ￿vfdo frp0
shwlwlrq ehwzhhq iru h{dpsoh wkh phpehu vwdwhv ri wkh Hxurshdq Xqlrq wkurxjk wkh
lqwurgxfwlrq ri wd{hv rq fdslwdo lqfrph1 Ixuwkhupruh/ doorzlqj iru d pxowl0shulrg
iudphzrun dqg d zruog zlwk d odujhu qxpehu ri uhjlrqv zklfk gl￿hu lq wkh ghjuhh dqg
wkh prphqw ri djhlqj frxog khos jdlqlqj pruh lqvljkw lqwr wkh h￿hfwv ri xsfrplqj
ghprjudsklf vkrfnv rq wkh zruog hfrqrp|1 Dqrwkhu h{whqvlrq zrxog eh wr h{solf0
lwo| wdnh lqwr dffrxqw wkdw wkh uhodwlyho| pruh qxphurxv hoghuo| pd| ehfrph d pruh
srzhuixo dfwru lq wkh srolwlfdo duhqd1
59Dsshqgl{
D Wkh olqhdulvhg prgho
Wklv sduw ri wkh Dsshqgl{ ghvfulehv wkh olqhdulvhg uhodwlrqv ri wkh prgho1 Wkh fkdqjhv

















































































































Dv lq wkh +lqlwldo, vwhdg| vwdwh/ fdslwdo dffxpxodwlrq lv jlyhq e| r( n r( ’2 &c zh
jhw Er( ￿ &￿ ’
￿
2Er( ￿ r8￿1 Wkh iroorzlqj hfrqrplf uhodwlrqv/ wkh edodqfh ri wudgh
dqg wkh fxuuhqw dffrxqw/ surylgh dgglwlrqdo lqirupdwlrq ri wkh hfrqrplf lqwhudfwlrq
ehwzhhq wkh uhjlrqv1 Wkh edodqfh ri wudgh +￿A￿



















| lv wkh fdslwdo vwrfn ri uhjlrq ￿ dw wlph |1 Shu lqkdelwdqw ri uhjlrq ￿ wkh
















|￿&|n￿ ￿ &|￿￿ +D1<,
5:Wkh fxuuhqw dffrxqw +￿L￿￿
|, lv gh￿qhg dv wkh edodqfh ri wudgh soxv wkh uhwxuqv rq




|3￿ wkh djjuhjdwh vdylqjv





























| n ￿￿ & | n￿ ￿ &|￿￿ +D144,




















































| ’ ￿| dqg }8
| ’ fc;|1 Dv lq rxu zruog wkhuh lv qr orqj0uxq srsxodwlrq
jurzwk/ zklfk lpsolhv S￿@( ’ S￿@8 ’ fc dqg ehfdxvh lw rqo| frqvlvwv ri wzr uhjlrqv/
lw krogv e| gh￿qlwlrq wkdw S￿@(
| n S￿@8








Iru wkh gl￿huhqw shqvlrq vfkhphv suhvhqwhg lq Vhfwlrq 7 wkh sdudphwhuv ri wkh olqhdu






nq^GF‘￿ |n￿ ^GF‘￿ |n￿nB ^GE‘E￿
8 ￿￿
(￿M|c +D147,
duh jlyhq e| +zkhuh x ’ 2E2 n 4￿E￿ n o￿2 ￿ E￿( n ￿8￿E￿ n 4￿s￿￿E&￿ : f,




q^GF‘ ’ fc +D149,
￿^GF‘ ’ ￿
E&E2n4 ￿E￿ n o￿n￿(E￿ n 4￿￿E￿ n o￿
x
￿ fc +D14:,
B^GF‘ ’ B ^GE‘ ’






:f c + D14<,
￿^GE‘ ’ ￿




s￿￿E&￿&E)( n)8 ￿2￿E￿ n o￿2




x ￿E￿ n 4￿s￿￿E&￿&E)( n)8￿E￿ n o￿
: fc +D155,
￿^IU‘ ’ ￿
&E2n4 ￿E￿ n o￿2
x ￿ E￿ n 4￿s￿￿E&￿&E)( n)8￿E￿ n o￿
￿ fc +D156,
B^IU‘ ’
E2 n 4 n o￿E￿ n o￿
2Ex￿E￿n4 ￿ s ￿￿E&￿&E)( n)8￿E￿ n o￿￿
: f￿ +D157,
Xvlqj +D148, dqg +D154, zh jhw f ￿ k^IU‘￿k ^GF‘’k^GE‘￿￿￿
2s￿￿E&￿&￿ Jdoru dqg U|ghu
+4<;<, surri wkdw/ jlyhq rxu dvvxpswlrqv zlwk uhvshfw wr wkh surgxfwlrq ixqfwlrq dqg
rxu vshfl￿fdwlrq ri wkh xwlolw| ixqfwlrq/ ￿
￿
2s￿￿E&￿& 5 Efc￿￿￿ Vr/ luuhvshfwlyh ri wkh
w|sh ri shqvlrq vfkhph/ wkh +lqlwldo, vwhdg| vwdwh lv orfdoo| vwdeoh1
Dvvxpswlrq LL1 Dv phqwlrqhg lq wkh pdlq wh{w/ Dvvxpswlrq LL lpsolhv d srvlwlyh xsshu
erxqg iru wkh lqlwldo jhqhurvlw| ri wkh uhjlrqdo vrfldo0vhfxulw| duudqjhphqwv1 Iru d










E￿ n 4￿￿ nE 2non4 ￿E￿ n o￿&
&￿ +D159,












Wkh lqlwldo fkdqjh lq wkh grphvwlf qhw zdjh1 Lq fdvh ri d (￿0vfkhph/ wkh qhw






li ￿( : ￿s ￿￿E&￿
&2
2 1 Lq fdvh ri











F Wkh vpdoo rshq hfrqrp|
Li zh frqvlghu d vpdoo rshq hfrqrp| lqvwhdg ri +wzr, odujh rshq hfrqrplhv/ wkh
lqwhuhvw udwh lv h{rjhqrxvo| ghwhuplqhg dw wkh zruog fdslwdo pdunhwv +o| ’ oc ;|, dqg
frqvhtxhqwo| erwk wkh fdslwdo0oderxu udwlr dqg wkh zdjh duh frqvwdqw/
& ’ s
￿3￿Eo￿c +D15;,
￿ ’ sE&￿ ￿ s
￿E&￿&￿ +D15<,















zkhuh wkh vxshuvfulsw 7￿.uhihuv wr wkh vpdoo0rshq hfrqrp| fdvh1 Li wkh srsxodwlrq
ri wkh vpdoo rshq hfrqrp| djhv uhodwlyh wr wkh uhvw ri wkh zruog/ dqg djdlq/ djhlqj lv
prghohg dv dq xqh{shfwhg ru h{shfwhg rqh0shulrg ghfuhdvh lq wkh udwh ri srsxodwlrq
jurzwk +￿￿
| ￿ fc| ￿’f c| W,/ wkh pdujlqdo fkdqjh lq wkh ohyho ri sulydwh vdylqjv iru d









￿ | ￿n ￿￿ + D164,







￿|￿ct ’ (￿c8-￿ +D165,
Ehfdxvh d fxuuhqw ghprjudsklf vkrfn grhv qrw d￿hfw wkh fxuuhqw SD\J0wd{ li d
(￿0vfkhph lv lq sodfh dqg wkh qh{w0shulrg ghshqghqf| udwlr lv dw lwv rog ohyho djdlq/
wkh qh{w0shulrg shqvlrq ehqh￿w grhv qrw fkdqjh1 Wkhuhiruh/ li djhlqj lv xqh{shfwhg/
vdylqjv gr qrw uhdfw dqg uhpdlq dw wkhlu lqlwldo vwhdg|0vwdwh ohyho/ dv fdq eh vhhq iurp
+D164,1 Rq wkh rwkhu kdqg/ li djhlqj lv h{shfwhg/ wkh |rxqj dolyh dw wkh prphqw
ehiruh wkh vkrfn rffxuv/ dqwlflsdwh wkh ghfuhdvh lq wkhlu qh{w0shulrg ehqh￿wv e| dq
lqfuhdvh ri wkhlu vdylqjv1
Lq fdvh ri d (￿0r u8-0vfkhph/ erwk h{shfwhg dqg xqh{shfwhg djhlqj rqo| fdxvh
d fkdqjh lq wkh ohyho ri sulydwh vdylqjv dw wkh wlph wkh vkrfn rffxuv +vhh +D165,,1
Wklv lv gxh wr ehqh￿wv uhpdlqlqj xqdowhuhg zkhuhdv wkh ghshqghqf|0udwlr h￿hfw lv
frpsohwho| uh hfwhg lq dq lqfuhdvh ri wkh vrfldo0vhfxulw| wd{/ uhvxowlqj lq d ghfuhdvh
ri wkhlu qhw zdjh dqg wkhuhe| orzhu vdylqjv1 Wkhuhiruh/ srsxodwlrq djhlqj lq d vpdoo
rshq hfrqrp| lv phuho| uh hfwhg lq d whpsrudu| fkdqjh ri wkh fxuuhqw dffrxqw1
63Uhihuhqfhv
^4‘ Exlwhu/ Z1K1 +4<;4, ￿Wlph Suhihuhqfh dqg Lqwhuqdwlrqdo Ohqglqj dqg Eruurzlqj
lq dq Ryhuodsslqj0Jhqhudwlrqv Prgho￿ Mrxuqdo ri Srolwlfdo Hfrqrp| ;<= :9<0
:<:1
^5‘ Fdvdulfr/ D1 +4<<<, Shqvlrq V|vwhpv lq Rshq Hfrqrp| Qx!hog Froohjh Zrunlqj
Sdshu 4<<<0Z43/ R{irug1
^6‘ Gldprqg/ S1D1 +4<98, ￿Qdwlrqdo Ghew lq d Qhrfodvvlfdo Jurzwk Prgho￿ Dphul0
fdq Hfrqrplf Uhylhz 88= 4459044831
^7‘ Ihogvwhlq/ P1 +4<:7, ￿Vrfldo Vhfxulw|/ Lqgxfhg Uhwluhphqw/ dqg Djjuhjdwh Fds0
lwdo Dffxpxodwlrq￿ Mrxuqdo ri Srolwlfdo Hfrqrp| ;5= <380<591
^8‘ Ihogvwhlq/ P1 +4<<9d, ￿Wkh Plvvlqj Slhfh lq Srolf| Dqdo|vlv= Vrfldo Vhfxulw|
Uhirup￿ Dphulfdq Hfrqrplf Uhylhz/ Sdshuv dqg Surfhhglqjv ;9= 40471
^9‘ Ihogvwhlq/ P1 +4<<9e, ￿Vrfldo Vhfxulw| dqg Vdylqj= Qhz Wlph Vhulhv Hylghqfh￿
Qdwlrqdo Wd{ Mrxuqdo 7<= 48404971
^:‘ Jdoru/ R1 +4<;9, ￿Wlph Suhihuhqfh dqg Lqwhuqdwlrqdo Oderu Pljudwlrq￿ Mrxuqdo
ri Hfrqrplf Wkhru| 6;= 404;1
^;‘ Jdoru/ R1 dqg K1H1 U|ghu +4<;<, ￿H{lvwhqfh/ Xqltxhqhvv/ dqg Vwdelolw| ri Htxl0
oleulxp lq dq Ryhuodsslqj0Jhqhudwlrqv Prgho zlwk Surgxfwlyh Fdslwdo￿ Mrxuqdo
ri Hfrqrplf Wkhru| 7<= 69306:81
^<‘ Jhlgh0Vwhyhqvrq/ G1 +4<<;, ￿Vrfldo Vhfxulw| Srolf| dqg Lqwhuqdwlrqdo Oderu dqg
Fdslwdo Prelolw|￿ Uhylhz ri Lqwhuqdwlrqdo Hfrqrplfv 9= 73:07491
^43‘ Jrugrq/ U1K1 dqg D1O1 Eryhqehuj +4<<9, ￿Zk| Lv Fdslwdo Vr Lppreloh Lqwhuqd0
wlrqdoo|B Srvvleoh H{sodqdwlrqv dqg Lpsolfdwlrqv iru Fdslwdo Lqfrph Wd{dwlrq￿
Mrxuqdo ri Sxeolf Hfrqrplfv ;9= 438:043:81
^44‘ Lkrul/ W1 +4<<9, Sxeolf Ilqdqfh lq dq Ryhuodsslqj Jhqhudwlrqv Hfrqrp| Orqgrq=
PdfPloodq Suhvv1
^45‘ Kdjhq/ M1/ yrq dqg X1 Zdo} +4<<7, ￿Vrfldo Vhfxulw| dqg Pljudwlrq lq dq Djhlqj
Hxursh￿ Lq Hlfkhqjuhhq/ E1/ M1 Iulhghq dqg M1 yrq Kdjhq +hgv1, Srolwlfv dqg
Lqvwlwxwlrqv lq dq Lqwhjudwhg Hxursh/ Vsulqjhu/ Ehuolq Khlghoehuj= 4::04<51
^46‘ Kd|dvkl/ I1 +4<;5, ￿Wrelq*v Pdujlqdo t dqg Dyhudjh t= D Qhrfodvvlfdo Lqwhusuh0
wdwlrq￿ Hfrqrphwulfd 83= 54605571
^47‘ Mxgg/ N1O1 +4<;5, ￿Dq Dowhuqdwlyh wr Vwhdg|0Vwdwh Frpsdulvrqv lq Shuihfw Iruh0
vljkw Prghov￿ Hfrqrplfv Ohwwhuv 43= 8808<1
64^48‘ Ndud|doflq/ F1 +4<<7, ￿Whpsrudu| dqg Shupdqhqw Pljudwlrq zlwk dqg zlwkrxw
dq Lppreloh Idfwru￿ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv 76= 4<:05481
^49‘ Plfkho/ S1 dqg G1 gh od Furl{ +5333, ￿P|rslf dqg Shuihfw Iruhvljkw lq wkh ROJ
Prgho￿ Hfrqrplfv Ohwwhuv 9:= 860931
^4:‘ Phlhu/ Y1 +4<<;, ￿Wlph Suhihuhqfh/ Lqwhuqdwlrqdo Pljudwlrq/ dqg Vrfldo Vhfxulw|￿
Glvfxvvlrq Sdshu 48/ Pduwlq0Oxwkhu0Xqlyhuvlw| Kdooh0Zlwwhqehuj1
^4;‘ Rujdqlvdwlrq iru Hfrqrplf Frrshudwlrq dqg Ghyhorsphqw +4<<<, RHFG Hfr0
qrplf Rxworrn Qr1 97/ Sdulv1
^4<‘ Shpehuwrq/ M1 +4<<<, ￿Vrfldo Vhfxulw|= Qdwlrqdo Srolflhv zlwk Lqwhuqdwlrqdo Lp0
solfdwlrqv￿ Hfrqrplf Mrxuqdo 43<= 7<5083;1
^53‘ Vkloohu/ U1M1 +4<<<, ￿Vrfldo Vhfxulw| dqg Lqvwlwxwlrqv iru Lqwhujhqhudwlrqdo/ Lq0
wudjhqhudwlrqdo/ dqg Lqwhuqdwlrqdo Ulvn0Vkdulqj￿ Fduqhjlh0Urfkhvwhu Frqihuhqfh
Vhulhv rq Sxeolf Srolf| 83= 49805371
^54‘ Xqlwhg Qdwlrqv +4<<;, Zruog Srsxodwlrq Survshfwv= Wkh 4<<; Uhylvlrq/ Qhz
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